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PREFACE 


This volume first appeared in 1904 as a translation of the Kurzes 
Lehrhuch der analytischen Chemie written by an American who was 
teaching in Zurich. F. P. Treadwell was born in New Hampshire in 
1857, completed his education in Germany, and then, after working 
under Bunsen and Victor Meyer, was made professor of analytical chem- 
istry at Zurich, where he remained until his death in 1918. 

As the title of the book indicates, it was intended primarily for stu- 
dents and was meant to be brief and coi\cise. After the first edition, the 
book was revised from time to time without paying attention to the new 
editions of the German text. The Ixisis for the introduction of new 
methods and the discarding of old ones was the needs of students at the 
Massachusetts Institute of Technology, where numerous tests of the 
methods have been made. 

The literature of analytical chemistry has increased greatly during 
recent years, and at present more than one thousand papers are reviewed 
annually in Chemical Abstracts. Instruments such as the microscope, 
spectroscope, polariscope, refractometer, potentiometer, colorimeter, 
nephelometer, and polarograph have come into common use, especially 
in the busy lal)oratories of large industrial plants. In clinical labora- 
tories, too, advances in chemical technique have made it possible to 
determine very small quantities of important elements in a few drops of 
a body fluid. No one man can hope to be expert in all the fields of chem- 
ical endeavor, and no short textbook can cover all the ground. 

In this revision, the entire text has been examined critically and, 
though many changes have been made, the size of the book remains the 
same. It is still an inexpensive textl)ook which is meant to be useful to 
students of chemistry and to serve those who desire precise information 
concerning well-known analytical methods. 

The book has been divided into chapters, and the methods of gravi- 
metric analysis have been rearranged to correspond to the order in which 
the elements are detected in the usual scheme of qualitative analysis. 
A similar change was made in the ninth edition of Volume I. 

The theory of qualitative analysis applies to quantitative methods, 
and for this reason much of the pertinent theory is discussed in Volume I 
although some of it is repeated because many readers will not own the 
companion volume. 
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PREFACE 


The work of revision has covered a period of more than a year. The 
manuscript originally submitted to the publisher was so long that it 
seemed best to go over it again and by deletions and condensations bring 
the book back to the size of the eighth edition. As much old material 
has been dropped, not without some misgivings, as new material has 
been introduced. Thus the introduction of a new procedure developed 
at the National Bureau of Standards for the determination of six metals 
of the platinum group meant the rejection of the classic procedure of 
Deville and Stas, which was certainly of historical interest. 

Although care has been taken in preparing the manuscript and in 
reading the proof, doubtless some errors will be found. The writer 
would welcome criticism from readers with respect to errata or to details 
in the procedure which could be explained better or changed in the 
interest of accuracy. The numerical values have been checked and 
should correspond to the 1941 table of atomic weights. 

William T. Hall 

February, 194^ 
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PARTI. GRAVIMETRIC ANALYSIS 

CHAPTER I 

GENERAL CONSIDERATIONS 

The purpose of a quantitative analysis is to determine the relative 
quantity of one or more constituents of a compound or of a mixture. 
The methods to be employed depend somewhat upon the nature of the 
substances analyzed so that, as a rule, a qualitative analysis should pre- 
cede the quantitative one, or, at least, there should be some knowledge 
of what elements are likely to be present. The chemical reactions used 
in quantitative analysis are, for the most part, reactions which are used 
or can be used as qualitative tests, and the chemical principles involved 
are the same. In quantitative analysis, however, it is necessary to 
measure accurately the quantity of sample taken and either the quan- 
tity of reagent required to cause a definite reaction to take place or the 
quantity of one of the products formed by the reaction. Quantitative 
analysis, therefore, differs from qualitative analysis with respect to the 
necessity of making careful measurements of materials. Since all chemi- 
cal research is based upon quantitative analysis, it is clear that the 
ability to make accurate analyses is one of the most important assets 
of the chemist irrespective of the field in which he may choose to work 
eventually. 

The most important tool of the chemist is the balance by which weigh- 
ings are made.^ The balance used by the chemist combines the physical 
principles of the lever and the pendulum (Fig. 1.)^ The beam, from 
which the scale pans are suspended, represents a horizontal lever with 
two arms of equal length. To be serviceable, a balance must be accurate 
and sensitive. It fulfills the first condition if (1) the arms are actually of 
equal length, (2) the point of support (the fulcrum about which the beam 
rotates) lies above the center of gravity, and (3) the fulcrum (center 

* Strictly speaking, the balance determines masses and not weights. The unit 
of mass is the gram and the unit of weight is the dyne in the absolute system. The 
mass in grams, multiplied by the acceleration of a falling body due to gravity, gives 
the weight in dynes. At any given place, therefore, the weights are proportional 
to the masses, so that it is common practice to neglect the value of gravity and 
speak of a weight of so many grams. The masses determined by the chemical 
balance are independent of the value of gravity whereas a spring balance may not 
show the same weights for the same masses at different places on the earth’s surface. 

* Reproduced, by permission, from Catalog 8 of Christian Becker, Inc. 
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divisions both sides of the zero of the scale when the beam is in motion 
and should finally come to rest at the zero mark. If a small weight is 
added to either pan the beam and the pointer will swing through an 
angle and take up a new position of equilibrium. This new position 
will be the result of the moments of three effective forces — the weight 
of the beam and the weights in each pan. 

The angle a which the pointer at its new resting place makes with its 
original position is determined by the excess weight, p, the length of 
the balance arm, /, the weight of the beam, g, and the distance, d, 
between the center of gravity and the point of support of the beam. 
Expressed mathematically, 

pd 

tan a = — 7 

q-d 

The sensitiveness, or sensibility, is measured by the angle a when p 
has a definite weight, usually 1 mg. Since the tangent of a small angle 
is practically the same as the angle, and the tangents of the angles that 
the pointer makes arc directly proportional to the number of divisions 
between the two points of rest on the scales, it is customary to regard 
the sensitiveness or sensibility as the number of scale divisions that the 
zero point is displaced by an excess weight of 1 mg. 

It follows, then, that the sensitiveness of a balance is directly pro- 
portional to the length of the balance arms and inversely proportional 
to the weight of the beam and to the distance of the center of gravity 
below the point of support. It is clear also that the ol)served deflection 
is proportional to the length of the pointer. 

The conditions for maximum sensitiveness are more or less conflict- 
ing. Thus long arms are incompatible with minimum weight. The 
length of arms is also limited by the fact that, the longer the arms are, 
the greater the time required for one complete swing of the pointer. 
The weight of the beam also affects the time of swing in the same man- 
ner. On the other hand it is important that the beam should be rigid. 

Long arm balances, although sensitive, possess the disadvantage of 
a long time of swing which renders weighing a tedious process. For 
moderate loads, short arm balances with light beams of aluminum alloy 
are sensitive and fast. 

It is possible to decrease the time of swing by lowering the center of 
gravity, but this makes the balance less sensitive. For ordinary work, 
it is well to adjust the sensitiveness so that 1 mg excess weight will dis- 
place the zero point about five scale divisions with light loads. The 
center of gravity must always be below the knife-edge or the balance 
will be in neutral or unstable equilibrium. 
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Precautions in the Use of a Balance 

1. The balance should rest upon a firm support which is practically 
free from mechanical vibration. Direct sunlight should not fall upon 
the balance as it will cause irregularities and errors in weighing. 

2. When not in use the balance beam should always be raised off the 
knife-edges as otherwise these are likely to be injured by jarring. 

3. The beam should always be lowered slowly and carefully. 

4. The beam should never rest upon the knife-edge while weights or 
substances are being added to or removed from the pans. 

5. The beam may be set swinging by dropping the rider upon the 
beam or removing it for a moment. It may also be set in motion by 
fanning one pan gently with a motion of the hand, but in no case should 
motion be started by touching the pan or by suddenly lowering the 
beam upon its knife-edge. 

6. All weighings should be made methodically, with the weights tried 
one after another in their proper order. 

7. Before making a weight, the adjustment should always be tested. 
The balance is properly adjusted (a) when it is level, (6) when the 
pointer rests at the zero mark with the beam raised, (c) the pointer 
swings equal distances on either side of the zero when the beam is set 
in motion with no load in the pans.^ If the balance has pan arrests 
which work independently of the mechanism that lowers the beam, 
these arrests should be adjusted so that the pointer is at the zero mark 
when the beam is on its knife-edge and the pan arrests are in place. 

8. Final adjustment with the rider and all observations regarding 
the swing of the pointer should be made with the balance case closed 
to prevent errors arising from air currents. When the balance is left, 
the case should always be closed. 

9. The weight of a substance should be recorded, first, by adding up 
the weights missing from the box (in which every weight should always 
have its own place), and second, by adding up the weights that are on 
the pan. After the final weight has been made, it is convenient to 
make this second addition when the weights are being returned to the 
box. By always checking the weights as a matter of habit, serious 
errors are often avoided, 

10. Substances to be analyzed should never be placed directly upon 
the balance pan but on a watch glass or in a tube. The object should 
not be warmer or colder than the air in the balance case. Air currents 


^ Some workers prefer to adjust the balance so that the pointer rests three or four 
divisions to the right with no load in either pan. Cf. Brinton, J. Am. Chem. Soc., 
41 , 1151 ( 1919 ). 
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from a hot body make it weigh too little, and condensation of moisture 
on a cold body makes it appear too heavy. 

11. Care should be taken not to overload the balance. 

A separate set of weights should be provided with each balance. In 
analyzing a given material, the chemist is required to determine the 
weight ratios of the various constituents. He reports the percentage of 
iron present rather than the weight. It is important, therefore, that 
the weights in any set should stand in the proper relat ion to one another 
and relatively unimportant whether the 10-g corresponds exactly to the 
10-g weight in some other set. In analyzing ores for precious metals, 
it is customary to weigh out a large sample on a ‘‘ pulp balance 
which need not be sensitive to 1 mg. The analysis is finished by weigh- 
ing a very small fragment of metal on a “ button balance ” sensitive to 
Vioo mg. Ordinarily, however, all the weighings used in any chemical 
analysis should be made with the same balance and the same set of 
weights. If a weight is lost or misplaced, a new weight should always 
be tested to see if it bears the proper relation to the other pieces in the 
set. 

Sets of weights used in chemical analysis usually contain a 50-g 
weight and sometimes a 100-g weight. Sometimes the smallest weight 
is 1 mg, but a set need not contain any weight smaller than 5 mg. The 
numbers on the weights indicate grams when the value is 1 g or over 
and milligrams if the weight is a fraction of a gram. 

Weights smaller than 10 mg are usually obtained by the use of a 

rider ” or small piece of aluminum wire which may be shifted to 
various positions on the beam of the balance. The manner in which 
the beam is divided varies with different makes of balances. When 
the rider is placed directly over the knife-edge that supports the right 
pan, it indicates its true weight; and when it is placed at a fraction of 
the distance between middle and outer knife-edges, it indicates that 
fraction of its true weight. Riders as a rule weigh 5, 6, 10, or 12 mg. 
Balances which are made so that the rider can be placed directly over 
the pan suspension usually take a 10-mg rider or a 5-mg rider. Bal- 
ances which are made with the top of the beam rounded off at the ends 
usually take a 12- or 6-mg rider. The larger divisions on the beam 
graduations are always 1 mg apart when the proper rider is used. The 
smaller subdivisions are either tenths or fifths of a milligram. 

The chainomatic balance does not require a separate rider. One end 
of a small gold chain is fastened to the balance beam and the other end 
to a hook which can be moved up and down a vertical scale. This hook 
is operated by a milled head outside the balance case on the right. 
Movement of the hook changes the weight of chain that is supported by 
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the beam so that the positioas on the scale correspond to milligrams. 
This may be adjusted while the balance is in motion. 

The magnetically damped balance is useful for rapid and accurate 
weighings. It is equipped with an aluminum vane suspended from 
the beam and hung between the poles of a fixed magnet. As the beam 
swings, induced currents are set up and a magnetic field produced which 
opposes the motion of the swing so that the beam is quickly brought to 
rest. 

In air-damped balances, large hollow cylinders, closed at the bottom, 
are fixed just below each stirrup which holds the pans. Inside these 
cylinders are smaller cylinders suspended from the stirrups. As the 
balance moves, the smaller cylinders move, and the displacement of the 
air causes the damping. 


Methods of Weighing 

It is important to keep the pans, beam, bearings, and all parts of the 
case clean and free from dust and chemicals. Before starting to weigh, 
see that. the balance is properly adjusted, and determine the zero point 
and the sensibility or sensitiveness. If necessary, turn the leveling 
screws at the base of the case until the spirit level back of the pillar shows 
the correct position. Note also whether the knife-edges are in the 
proper positions with respect to the bearings and whether the pointer 
rests at the zero point of the scale. Lower the beam rest, by slowly turn- 
ing the knurled knob at the bottom of the case in an anti-clockwise 
direction,^ and see that the pointer is still at the zero point when the 
pans are resting on the pan rests, making the proper adjustments, if 
necessary. Then with the balance case closed, release the pan rests and 
see that the pointer is quiet or moves back and forth to equal distances 
on both sides of the zero mark. If necessary, move the adjustment 
screw on the end of the beam, but it is better to allow for a slight zero 
error, when it is not more than one scale division, than to make frequent 
adjustments. 

The pointer swings as a pendulum and, owing to air resistance, is sub- 
ject to a damping, or shortening of the swing, and unless the eye is 
exactly in alignment, there is a parallax error in reading the position of 
the pointer on the scale. The halfway point is best determined by tak- 
ing the halfway point of two or more complete swings. A complete 
swing of a pendulum involves a return to the starting place, and the 
measurements will represent complete swings if the final reading is 


* In putting anything on the balance pan or taking anything off, the balance 
beam should always be supported and not resting on the central knife-edge. 
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taken on the same side as the initial reading so that there will be one 
more reading on one side than the other (see Weighing by Smings). If 
the center knife-edge is sharp so that there is little friction to overcome 
save that of the air, the damping will be slight, and negligible if the 
swing is made short; therefore for ordinary work it is sufficient to take 
the halfway point of a halfswing, with each turning point less than 
five scale divisions from the zero mark. With these short swings, more- 
over, there is less danger of parallax errors than with long swings. 

After taking the zero reading, the next thing is to determine the 
sensibility or number of scale divisions that the zero point is displaced by a 
load of 1 mg. The sensibility varies with the loatl,^ but it is well to 
know how sensitive the balance is at the start because this knowledge 
will help the operator to make rapid weighings. 

Rapid Method. For ordinary work, it is convenient to adjust the 
center of gravity by means of the adjusting nut on the pointer, so that 
a load of 1 mg will make the pointer have an initial swing of at least five 
scale divisions to the left when the pan rests arc carefully released. In 
weighing, note the initial swing when the rider indicates within 0.5 mg of 
the correct weight. Then change the position of the ihlcr .so that the ini- 
tial swing is a little to the other side of the zero line, and note the new 
swing; from these two readings estimate where the rider should be to give 
no swing. This method of making two trials on both sides of the tnie 
weight is more rapid and more accurate than attemi)ting to place the 
rider where the swings will be exactly the same as in making the zero 
reading. For very precise work, however, weights should be made by 
the method of swings, and corrections should be made for balance-arm 
error and for buoyancy due to air. The weights should be carefully 
calibrated. 

Single Deflection Method. Adjust the balance so that the pointer 
swings three or four divisions to the right when the pan support is 
released and rests on this side of the zero reading on the scale. In 
weighing, add weights until this same deflection is obtained on releasing 
the pan support. This method of weighing is rapid but is inapplicable 
to a balance which has a single release operating both beam and pan 
supports. 2 

^ This is because the center of gravity changes with the load. How this changes, 
depends upon whether the three bearings lie in the same plane or not. As a rule, 
the sensibility is lowered by increasing the load in the balance pans, partly because 
the beam becomes slightly distorted and the center of gravity is lowered, but if the 
three bearings are exactly in the same plane, and the beam is absolutely rigid, the 
center of gravity will rise, but never reach the level of the middle knife-edge, so 
that increasing the load will then increase the sensibility. 

* Brinton, J. Am. Chem, Soc., 41 , 1151 (1919). 
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Method of Swings. First of all determine the zero reading of the 
balance by setting the beam in motion (without any load in either pan), 
observing and recording the turning points, or extreme positions, of the 
pointer on the scale of an even number of complete swings, and take 
the mean of the readings. The first complete swing may be inaccurate 
on account of the jar in shutting the balance door, etc. Remember that 
a complete swing starts and ends on the same side, so that for any 
number of complete swings an odd number of readings must be taken. 
In order to give the same algebraic sign to all the observed readings it 
is well to number the divisions on the scale from left to right from 0 to 
20 so that the zero point in case both balance arms are of equal length 
and weight will be numbered 10. It is to be noted that the zero reading 
(the point of the scale at which the pointer rests when the balance is in 
equilibrium with nothing in either scale pan) may change during the 
course of the day, and disregard of this fact may lead to a considerable 
error. The cause of the displacement of the zero reading is that the first 

condition for the accuracy of 
a balance is not fulfilled ; on 
account of unequal warming 
the arms become of unequal 
length. 

The next thing to be deter- 
mined is the sensitiveness of 
the balance for the object to 
Fig. 9 . be weighed. For this pur- 

pose place the object in the 
left balance pan and weights in the right pan until equilibrium is estab- 
lished as nearly as possible, and determine the rest point of the pointer 
on the scale in the same way that the zero reading was made above. 
Add or remove an additional weight of 1 mg by means of the rider, and 
determine the rest point again. 

The difference (d) between this and the previous point of rest gives 
the sensitiveness of the balance. Assuming the zero reading to lie at 
10.22, the first rest, obtained with a load of 19.723 g, to be at 9.80, and 
the rest point with a load of 1 mg less (with a load of 19.722 g) to lie at 
12.32, then the sensitiveness of the balance will amount to 12.32 -• 9.80 
= 2.52 scale divisions. 

As the zero reading of the balance was at 10.22 and the rest point 
with a load of 19.723 g was 9.80, it follows that the object was lighter 
than the weights in the right-hand pan, and in fact the excess of weights 
in the pan was sufficient to move the point of rest 10.22 — 9.80 = 0.42 
of a division on the scale. This amount can be calculated from the 
determination of the sensitiveness of the balance as follows: 
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Since 2.52 of the scale divisions correspond to 1 mg, then 0.42 of a 
scale division corresponds to 0.42 -t- 2.52 = 0.17 mg, or about 0.2 mg. 

The true weight of the body in air is consequently 19.723 — 0.0002 = 
19.7228* g. 

In making a weighing one should always accustom himself to note the 
observations methodically, as follows: 

Assume that a platinum crucible is to be weighed. 


Zero Reading 

I. Rest Point with Load 
of 12.052 g 

II. Rest Point with Load 
of 12.053 g 

Left 

Right 

Left 

Right 

Left 

Right 

4.2 

17.6 

5.8 

18.7 

3 5 

15.8 

4.6 

17.1 

6.2 

18.3 

3.8 

15.4 

5.1 


6.6 

I 

4 2 


Sum = 13.9 

34.7 

18.6 

37.0 

11.5 

31.2 

Mean = 4.63 

17.35 

6.2 

18.5 

3.83 

15.60 


4.63 


6.2 


3.83 







Sum of both means = 21.98 1 


24.7 


19.43 

Mean 

= 10.99 


12.35 


9.71 


Sensitiveness = 12.35 — 9.71 = 2.64 scale divisions. 
12.35 — 10.99 = 1.36 scale divisions. 

1.36 -f- 2.64 = 0.5 mg. 

Weight of crucible = 12.052 + 0.0005 = 12.0525 g. 


The sensitiveness of a balance varies slightly with the load. It is 
simplest to determine once for all the sensitiveness for 50 g, 20 g, 10 g, 
5 g, and 2 g, place a card in the balance with the results obtained, and 
use the numbers as required. 

In this way the sensitiveness of a balance was found to be as shown 
below: 


Load in Grams 


Number of Scale Divisions 


50 

20 

10 

5 

2 


2.23 

2.28 

2.64 

2.66 

2.66 


* As most analytical balances will scarcely detect with certainty less than Ko 
mg, the weight is expressed only to the fourth decimal. If the fifth decimal place 
in a calculation amounts to 5 or more, the number in the fourth decimal place is 
increased 1. 
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The determination of the zero reading, however, should be made with 
every weighing. If a number of weighings are to be made one after 
another it suffices to determine the zero point at the beginning and at 
the end and to use the mean of the two determinations. With very 
heavy loads, however, the zero reading should be determined before and 
after each weighing and the mean value used. 

Balance-Arm Error 

Both the preceding methods of weighing are subject to a constant 
error if the lengths of the balance arms are not exactly the same. Such 
an error can be corrected by the following methods of indirect iveighing. 
The balance beam may l)e regarded as a lever with the fulcrum in the 
middle. In a lever, ecpiilibrium results when the statical moments are 
equal. By statical moment is understood the product of the force and 
the length of the lever arm, and the length of the lever arm is the per- 
pendicular distance from the axis of revolution (the fulcrum) to the 
line of action of the force. 

Borda’s Method of Weighing by Substitution 

Place the object Q in the left pan and counterbalance or tare it by 
means of shot, sand, or weights. Then remove Q and establish equilib- 
rium again by placing weights in its place. We have, then, as a result 
, of the first weighing, 

W Qi = 

and from the second weigh- 
ing, 

PI = Th 

from which it follows that : 

al la. <3^ = 

Fia. 3. Q = P 

This method is used chiefly in weighing large objects. 

Double Weighing 

Place the object Q on the left pan and balance it against weights on 
the right pan. When equilibrium is reached 

Ql = WiU 
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when Wi represents the weights used, I the length of the left balance 
arm, and V the length of the right arm. Transfer the object to the 
right balance pan and balance it with weights on the left pan. Then, 
if 1^2 represents the necessary weights, 

QV = W2I 

Multiplying the first equation by the second one we get 

QHV = WvWiW or = WxWi and Q = 

If the balance is perfect, Wi will be the same as W2, and with any good 
balance the difference between the two values will be small ; the algebraic 
mean then is practically the same as the geometric mean so that no 
sensible error is caused by assuming that the true weight is 

W^■VW2 

2 

Reduction of Weighings to Vacuo 

When a substance is immersed in water it experiences a buoyant 
or floating effect. Its tnie weight is diminished by the weight of water 
that it displaces. In exactly the same way, an ol)jcct weighed in air 
against brass weights is buoyed up by the air that it displaces, but the 
weights are also subject to the same effect. If l)rass is weighed in air 
against brass weights, the buoyancy will be the same on both sides of 
the balance and the weight will be the same in a vacuum as in the air. 
If a material of lower density is weighed against brass, the weight in a 
vacuum will be greater than the apparent weight in air, and conversely, 
if a denser material such as gold is weighed with brass weights, the 
weight in a vacuum will be smaller than the weight in air. 

The degree of precision attainable in the buoyancy correction depends 
upon the precision with which the volumes and the density of air can 
be determined. Several materials are used in the construction of every 
set of weights. The larger weights may be gold, gold-plated, or brass, 
and the smaller weights may be of platinum, German silver, or alumi- 
num. Moreover, many brass weights have interior cavities with 
enclosed air. The chemist does not need to take these facts into con- 
sideration and can assume that all his weights are of solid brass, as will 
be explained later. The density of the air varies with the temperature, 
moisture and carbon dioxide content, barometric pressure, and the 
value of gravity. Since, however, in chemical work relatively small 
volumes of materials are used for the weighings, it is not necessary to 
consider slight variations in these factors. 
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Ordinarily, the weight of 1 ml of air at room temperature is assumed 
to be 1.2 mg,^ and the density of brass weights is assumed to be 8.4. 

If di denotes the density of the object weighed, ^2 the density of the 
weights, p the weight of 1 ml of air, po the weight in vacuo, and p the 
weight in air, the weight in vacuo can be found by the following formula: 

1 /Po 

If the density of air is as.sumed to be 0.0012, which is accurate to only 
two significant figures, and the density of the substance is given to only 
two significant figures, not more than three significant figures should be 
used in the value of po and p in the parenthesis. In the parenthesis, 
therefore, po can be replaced by p, and we have 

= + "I)" 

The use of the above formula can be illustrated by a simple example. If a plati- 
num crucible weighs 15.0954 g in tlie air with brass weights, what would the crucible 
weigh in a vacuum? In this case, p = 15.69.54, di = 8.4, and di = 21.4. Substitut- 
ing these values in the formula we have 

/15.7 15.7\ 

Vo = 15.6954 + ( — - — j0.0012 = 15.6954 + (0.734 - 1.87)0.0012 = 15.6940 

It would bo a waste of time to try to get the value of the parenthesis with greater 
accuracy unless the density of the materials is known with greater precision than is 
assumed here. Note, however, that the value of p is usually given in milligrams 
but is used here in grams. 

It may be asked at this point why so much emphasis has been placed upon 
brass weights and why it is assumed that the weights are of brjiss even although 
they may be gold-plated or made of platinum. If a set of weights is sent to the 
Bureau of Standards for calibration and is to be used for very precise work, the 
Bureau will furnish a certificate which will have two series of corrections. One 
series will refer to the apparent mass as found by comparison with brass standards 
in air. The other series will make full allowance for the buoyant effect of the air 
and will refer to the true ?nass of each weight. Since the chemist does his weighing 
in the air he is interested only in the first set of corrections. With these corrections, 
the weight obtained in the air is that which would be obtained if the weights were 
of brass. 


* The actual weight in milligrams of 1 ml of air varies with the temperature and 
pressure as the following table shows. 


16® 20® 22® 24® 26® 28® 

730 mm 1.17 1.15 1.14 1.13 1.12 1.11 

750 mm 1.20 1.18 1.17 1.16 1.15 1.14 

770 mm 1.23 1.21 1.20 1.19 1.19 1.18 
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To make this point clear, it may be rei^eated that the larger weights may be 
gold-plated and some of the smaller weights may be of platinum and the smallest 
may be of aluminum. The chemist wants his 10-mg weight to represent exactly 
Yiqq of his gram weight when the weighing takes place without any allowance for 
the buoyant effect of air. This is accomplished by comparing the weights against 
brass standards in the air. In other words, the 10-ing weight although it may be 
made of aluminum will represent, when used in the air, exactly Hoo of a standard 
brass weight, but its true mass will be more than 10 mg. 


Calibration of a Set of Weights 

A set of weights as furnished by the maker cannot as a rule be relied upon closer 
than to 0.5 mg for weighings of about 1 g. For exact work in absolute weighing 
it is necessary to determine not only the relative errors of the weights among them- 
selves but also the absolute error of the set by comparing one of the largest pieces 
with a standard weight. 

Weights are tested by the National Bureau of Standards upon application and the 
payment of a suitable fee. The Bureau of Standards recognizes six classes of weights. 
Class 'I'' are ordinary trade weights which are not tested by tlie Bureau except when 
there is no local authority to whom they can be submitted, or in tlie event of an 
important controversy. The laboratory weights used for rough weighings usually 
belong to this class. Class C weights are more accurate than those of Class T, and 
the permissible errors are only one-tenth as much. Classes A and B have allowable 
errors of about one-fifth as much as Class C, but the correction for each weight of 
Class A is determined accurately so that allowance for this error can be made in 
using the w'eight. 

For the more precise w’eighings of the chemical laboratory, w'eights of Class S 
should be iiscd. Class M weights are recommended for scientific work of the highest 
possible precision, but when the corrections for each member of a Class S set of 
weights is known, the set can be used with practically the same accuracy as a Class M 
set. 

The analytical chemist rarely needs to know the absolute weight of anything. 
Almost all his work is expressed in percentages of an original weight taken. If 
every weight in the box were exactly twice as heavy as it is marked, the results of 
analysis would be the same, provided that such a set of w’eights were used exclusively, 
as if each weight w ere correct. The chemist, therefore, is much more interested in 
knowing the relation of the weights to one another than in knowing the actual error 
of any particular piece. A set of weights calibrated in terms of any weight of the 
set is satisfactory for the purposes of exact quantitative analysis. 

Procedure. Mark the duplicate weights in the set so that they are 
distinguishable from one another. Thus a small dot can be made with 
a punch upon the second piece; if there are three pieces of the same 
denomination, the third can be given two punch marks. When the 
marking is properly done, no appreciable change in weight results. 

If the beam of the balance is divided into five divisions and takes a 
5- or 6-mg rider, start the calibration with the 5-mg weight. If the 
beam is divided into ten large divisions and carries a 10- or 12-mg rider 
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(cf. p. 5), start with the 10-mg piece. Let us assume that the balance 
used is a short-arm Becker balance which takes a 6-mg rider and that 
the beam reads to about 5.5 mg on the scale. 

Place the 5-mg piece whose value is to be tested on the left balance 
pan and another weight of the same denomination (borrowed from 
another set) on the right pan. By the method of swings (see p. 8), if 
an undamped balance is used, determine the rest point, n, when the 
balance is in eciuilibrium. Now transpose the two weights and deter- 
mines the rest point n with the weight to be tested on the right balance 
pan. It is convenient, with a balance in which the beam is graduated 
only on the right balance arm, to place a small permanent load (a piece 
of paper or of fine aluminum wire) on the left pan so that all the readings 
are near the middle of the balance arm. For the calibration assume 
temporarily that the borrowed weight is correct. In determining the 
values of n and carry out the calculations to the nearest 0.05 of a 
scale division. The sensitivity of the balance should be at least three 
scale divisions (on the pointer scale) per milligram, and preferably 1 mg 
= about 5 divisions. From the values n and the weight of the 5-mg 
piece tested is 


where S = sensitivity of the balance (see p. 3). 

Now take one of the 10-mg pieces, place it on the left balance pan, 
and weigh it against the two 5-mg pieces. Determine the values of r\ 
and r 2 exactly as before. Always start with the pieces already tested 
on the right pan and tluj new weight on the left pan; unless the work is 
done methodically there is danger in getting the sign of the correction 
wrong. In fact, the commonest error in carrying out a calibration for 
the first time is to get this sign wrong. One must constantly bear in 
mind that the piece should have a negative correction if it is too light 
and a positive correction if it is too heavy. When the piece is too light, 
n will be smaller than 

Continue testing each weight in the set as follows: 


10’ mg against 10 
10- “ 10 

20 mg ‘‘ 10 -1-10- 

20* “ 20 

50 mg “ 10 -}- 10* “b 10*’ H" 20 or against 20 -|- 20* H- 10 

0.1 g 0.05 4- 0.02 + 0.02- + 0.01 

0.1* g 0.1 g 

0.2 g “ 0.1 -f- 0.1* g; etc. 
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Finally, when every piece in the set has been tested, arrange the data 
as shown in the table on p. 15. Under the heading Wi is given the 
denomination of the weight which is first placed in the left balance pan. 
Under W 2 is given the temporary value of the weight or weights against 

which the new piece is tested. The values under n, r^, Sj and — — — 

2o 

are obtained as described on p. 14. The values given under Wz represent 
the temporary calibration values, which are based on the assumption 
that one of the smallest weights is correct, and those under Wa are 
based on the assumption that one of the 10-g weights is correct. When 
this last assumption is made, it is easier to apply the corrections, as 
will be evident by comparing the final corrections with the values 
under Ws- 

The calibration of weights is often done by weighing by substitution ; 
another set of weights can be used conveniently as tares. Such weigh- 
ing by substitution (p. 10) is a little easier to explain, but the corrections 
are more precise in the method of double weighing (weighing by trans- 
position), Instead of assuming that one of the 10-g pieces is correct, 
some prefer to make a comparison with a standard weight, certified by 
the Bureau of Standards, but this is unnecessary. 

Prepare a card from the individual corrections to show the corrections 
which should be applied to the usual combinations from 0.01 to 1.00 g 
and from 1 g upward, and keep this card in the balance case. In an 
ordinary gravimetric analysis, record the weights as follows: 

Observed Corrected Corrected 



Weight 

Milligram 

Weight 

Weight crucible -f substance 

... 19.3105 


f+0.39l 

[-0.01J 

1 

19.3109 

Weight crucible alone 

... 16.9916 


f+ .061 
[+ .06J 


16.9917 

Weight of substance 





2.3192 


The upper correction is that of the weights of 1 g and over; the lower 
is that of the fractional weights. 

When weights are tested at the National Bureau of Standards, each 
weight is called satisfactory if the error is not greater than a certain 
value which is called the tolerance. The following table shows the 
tolerance of Class S weights which are suitable for use in analytical 
chemistry and the precision to which the corrections are determined. 

For practical purposes it is advisable to use weights of which the 
errors are not greater than the tolerances shown in this table on page 17. 
Then, no serious error is introduced in an analysis by using the un- 
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corrected values. Few of our procedures have greater accuracy than 1 
part in 1,000 and the values specified in the table are all more accurate 
than this except for the two smallest weights. The most satisfactory 
plan, therefore, is to make the weights correspond to the standard set 
by the table l3elow. If a weight is a little too large, owing to corro- 
sion, it can be burnished with fine emery cloth or with metal polish. 


PRECISION OF CORRECTION AND TOLERANCES OF WEIGHTS 
SUITABLE FOR QUANTITATIVE CHEMICAL ANALYSIS 


Denomination 

Precision 

Tolerance 

Denomination 

Precision 

Tolerance 

100 g 

0 . 5 mg 

0 . 5 mg 

500 mg 

0.01 mg 

0 . 05 mg 

50 

0.1 

0.3 

200 

0.01 

0.05 

20 

0.1 

0.2 

100 

0.01 

0.05 

10 

0.05 

0.15 

50 

0.01 

0.03 

2 

0.05 

0.10 

10 

0.01 

0.01 

1 1 

0.05 j 

0.10 

5 

0.01 

0.01 


A burnished weight should stand at least 10 minutes before a final test 
is made. If the weight is too small it should be rejected, unless it is a 
brass weight with a removable top, when a suitable piece of aluminum 
wire can be placed inside the piece. The use of lead for this purpose 
is unsatisfactory because lead corrodes too much. 

For testing weights to see whether they conform to the above stand- 
ards, a balance sensitive to 0.05 mg and one set of calibrated weights is 
necessary. The calibration of weights is too tedious and involves too 
many calculations to make it a satisfactory experiment for beginners. 
Moreover, when a beginner calibrates a set of weights he is likely to 
make errors either in his computations or in applying the corrections. 
Often he will make a negative correction when it should be positive. 
Every set of weights should be tested at least once a year. 

Weighing Samples of Factor Weights. In a busy laboratory it is 
often desirable to weigh out samples in such a way that the results of 
the analyses are known with as little computation as possible. Thus 
if the iron content of a sample weighing 0.6994 g is determined by weigh- 
ing ferric oxide, Fe 203 , the percentage of iron, Fe, is exactly 100 times 
the weight of the oxide. If 1 ml of standard hydrochloric acid will 
neutralize 0.028 g of pure sodium carbonate, then the percentage 
purity of a sample of sodium carbonate, containing no other substance 
of basic nature, will be just twice the number of milliliters of acid 
used in the analysis of samples weighing 1.4 g. In every technical 
laboratory, therefore, the chemist has to learn to weigh out rapidly 
samples of specified weights. If the sample is a dry powder, unaffected 
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by contact with the air, it can be weighed out on a watch glass. It is 
convenient to have a pair of counterpoised watch glasses for this pur- 
pose, i.e., a pair of watch glasses which weigh so nearly alike that they 
can be balanced with the aid of the rider. Metal pans weighing almost 
exactly 10.000 g can now be purchased and are convenient to use instead 
of watch glasses. 

Place on the left balance pan the watch glass which is to hold the 
substance, and on the right pan place the tare of the watch glass and 
additional weights amounting to the desired quantity. With the aid 
of a small spatula, or a palette knife, transfer some of the powder to 
the watch glass in the left pan, until the pointer swings to the right 
with the beam lowered slightly so that the pointer can swing but a little 
way. Raise the beam, remove a little of the powder, and, with the 
beam again lowered a little, add more powder by tapping the spatula. 
By repeating this process once or twice and finally testing with the 
balance beam altogether lowered, it is possible to get any desired weight 
within O.I or 0.2 mg. In chemical work it is a waste of time to try to 
make the original weight much more accurate than the rest of the 
analysis. Thus, in determining the carbon content of a sample of steel 
with approximately I per cent of carbon present, the results of duplicate 
analyses with equal weight sam[)les would be considered satisfactory 
if they indicated 1.00 and 1. 01 per cent of carbon. In other words, 
errors arising from lack of homogeneity and inaccuracies in the method 
of analysis may easily amount to Koo of the total carbon content. An 
error of 0.0 1 g in the weight of a gram sample of the steel would be no 
greater than the allowable error of the analysis. In weighing out the 
sample, therefore, if the weight is accurate to the nearest centigram the 
error is less than that of the remainder of the work. On the other 
hand, in determining the chlorine content of a sample of salt weighing 
about 0.25 g it is important to get the weight to the nearest tenth of a 
milligram because the chlorine determination can be accomplished 
with an accuracy of I part in 1,000 with samples of this size. 

Reliability of a Result, In order that the result of any measurement 
may be of scientific or technical value, it is desirable to have some 
numerical estimate or measure of its validity. By the accuracy of a 
result should be understood the degree of concordance between it and 
the true value of the quantity measured. The true value is not usu- 
ally known, so that it is not always possible to obtain a numerical meas- 
ure of the absolute accuracy of a measurement or analysis. By the 
precision or precision measure of a result is understood the best numerical 
measure of its reliability after all known sources of error have been 
eliminated or allowed for. 
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When any quantity is measured to the full precision of which the 
instrument or method is capable, it will usually be found that the 
results of repeated measurements do not agree exactly. Thus in the 
analysis of pure salt, the chlorine content will not always be found to 
be exactly 60.66 per cent although we may have reason to believe that 
this is the correct value. 

All that we can hope to obtain from experimental data is the most 
probable value of the quantity or quantities in question. The mathe- 
matical theory which treats of the general problem of the adjustment 
of errors of observation so that their effect upon the final result is reduced 
to a minimum is called the method of least sqmres. According to the 
theory, the most probable values of a series of related observations are 
those for which the sum of the squares of the errors is a minimum. 
This is not the place to go into the details of the mathematical proofs of 
the method of least squares, but it is important that every chemist 
should keep constantly in mind certain deductions that have been made 
from such studies. 

In a series of observations^ all of which possess an equal degree of proh- 
ability, the most probable value of the quantity is the arithmetical mean. 
Since the true value of the quantity is not usually known, the error of 
each determination and of the mean cannot be determined. It is 
possible, however, to state how far each observation differs from the 
mean value, and from these differences the probable deviation of the 
mean can be estimated. The average deviation of the mean, usually 
designated as ad, is determined by dividing the sum of the deviations 
from the mean by the number of determinations made. The ad may 
be regarded as a numerical measure of the amount by which a new 
observation is likely to differ from the mean value, m. 

Since the mean has a higher degree of prol)ability than any single 
observation, it should have a smaller deviation from the truth. It 
can be shown that an arithmetical mean computed from n equally 
reliable observations is Vw times as reliable as any one observation. 
The probable deviation of the mean is usually denoted as AD. Ac- 
cording to the statement just made, 



A little study of this expression shows that it does not pay to increase 
the number of observations beyond a certain limit as the time and labor 
involved soon become excessive. 

It is probable that more than half the time spent on chemical and 
physical computations is wasted by the retention of more figures than 
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the precision of the data warrants. The habit should be acquired of 
rejecting at each stage of the work all figures which have no influence 
on the final result. In the following rules for computation the term 
digit denotes any one of the ten numerals including the zero, and the 
term significant figure is any digit which denotes or signifies the amount 
of the quantity in the place in which it stands. Thus a zero may or 
may not be a significant figure. When it is used merely to locate the 
decimal point as in the values 1000 and 0.001, the zero is not a sig- 
nificant figure, for the position of the decimal point is determined solely 
by the unit in which the quantity is expressed. There are two significant 
figures in the value 2.5 mg even when it is written 0.0025 g. The num- 
ber of decimal places in a result has in itself no significance in indicating 
the precision of a measurement. The statement that the results of an 
analysis agree within 1.2 mg gives no idea of the precision unless the 
entire value is known. A fractional or percentage precision measure, 
on the other hand, gives a definite idea of the precision of the measure- 
ment as it involves both the value of the quantity and its average 
deviation. 


Rules for Computations 

Rule 1. In rejecting superfluous figures, increase by 1 the last figure 
retained if the following figure (that has been rejected) was 5 or over. 

Rule 11. In all deviation and precision measures retain two, and 
only two, significant figures. 

Rule III. Retain as many figures in a mean result, and in data, as 
correspond to the second place of significant figures in the deviation or 
precision measure. According to this rule, two places of unreliable 
figures are retained in data so that accumulated errors due to rejections 
in the course of computation will not affect the first place of uncertain 
figures. Or, looked at from another point of view, the last figure may 
be regarded as quite unreliable but the next to the last significant figure 
should not vary by more than one or at the most two units from the 
mean. 

Rule IV. The sum or difference of two or more quantities cannot 
be more precise than the quantity having the largest deviation. In 
adding or subtracting quantities, find the ad of each and retain in 
each quantity as many places as correspond to the second place of sig- 
nificant figures in the quantity with the largest deviation. 

Rule V. In multiplication or division, the percentage precision of 
the product or quotient cannot be greater than the percentage pre- 
cision of the least precise factor entering into the computation. Hence, 
determine the percentage precision of the least reliable factor. If this 
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is about 10 per cent or better, use three significant figures in each factor 
of the computation and in the final result. If 1 per cent or better, use 
four significant figures in each factor of the computation and in the 
final result. If 0.1 per cent or better, retain five significant figures. 

For computations involving a precision not greater than about 0.25 
per cent use a 10-inch slide rule. 

Rule VI . In carrying out the operations of multiplication and 
division by logarithms, retain as many places in the mantissa of the 
logarithm of each factor as are properly retained in the factors them- 
selves under Rule V. 

In ordinary chemical work the percentage precision of the result is 
often less than 0.1 per cent. Thus, in the determination of the chlorine 
content of a sample of pure salt weighing about 0.2 g, check values of 
60.60 and 60.72 per cent chlorine would usually be considered satis- 
factory. This corresponds to a percentage precision of 0.12 part in 
61.0, or 0.2 per cent. According to the above rules, only four figures 
should be retained in all factors entering into this computation, and 
four-place logarithms should be used. In the computation, the molecu- 
lar weight of silver chloride should be taken as 143.3 instead of 143.34. 
If, on the other hand, a scries of determinations all gave values ranging 
between 60.63 and 60,69 per cent chlorine, one would be justified in 
keeping five significant figures and using five-place logarithms. This 
would not necessarily mean that the original weight of the salt and the 
final weight of the precipitate would have to be carried out to five sig- 
nificant figures, because an error of 0.0002 g in about 0.2 g of salt would 
correspond to only 0.1 per cent of the entire weight. One would be 
justified, however, in recording the weights to five decimal places, using 
the method of swings. 

For most chemical work, four significant figures are sufficient. In 
some cases, as in the determination of sulfur in steel, or in the conversion 
of small volumes of a solution (less than 1 ml) into an equivalent vol- 
ume of some other solution, only two significant figures should be used. 

Filtration and Washing of Precipitates 

How large should the filter be, and how many times should the pre- 
cipitate be washed? 

With regard to the second question it is evident that the precipitate 
should be washed until the soluble, non-volatile impurity is completely 
removed. It is clear, however, that this point will never be reached 
because a part of the solution always remains on the filter, but it is 
not difficult to make the amount of the dissolved substance remaining 
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BO small as to be negligible. When the amount of soluble impurity 
remaining on the filter is so small that it could not be detected by the 
balance, the precipitate can be considered to be completely washed. 

The aim should be not only to remove the soluble impurity, but also 
to accomplish this with as little wash water as possible. 

No precipitate is absolutely insoluble, so that it is clear that every 
unnecessary excess of wash water causes harm by removing a fraction 
of the precipitate, and the greater the excess of the wash water the 
greater the amount of the precipitate dissolved. 

The amount of wash water to be used depends largely upon the nature 
of the precipitate itself. Amorphous, gelatinous precipitates always 
require more washing than crystalline, granular ones. As a rule, it 
may be said that the process of washing must be continued until the 
substance which is being washed out can no longer be detected in the 
last filtrate. If the filtrate must be used for another determination, 
it is obvious that it should not be tested too soon. 

Let us assume the filter to hold 10 ml, the solution to drain to the 
last drop from the paper, the amount of the solution held back by the 
precipitate and filter to be 1 ml and to contain 0.1 g of the solid sub- 
stance which is to be removed by washing. 

The filter is filled to the upper edge with wash water and allowed to 
drain to the last drop n times, until not more than Moo mg of the sub- 
stance to be removed by washing remains. 

According to our assumption, 9 ml drains off and 1 ml remains behind; 
consequently we have: 

Removed by the There remains after the 

1st washing, O.l-Mo g Ist washing, O.l-Mo g 

2d “ O.l-Mo'Mog 2d “ 0.1-Mo-Kog 

3d “ 0.l-Ko-(Mo)*g 3d “ 0.1-Mo-(Mo)*g 


nth “ 0.1.Ko-(Mo)^'g nth » 0.1-Mo-(Mo)”^'g 


After n washings, therefore, the amount removed by washing is the 
sum of the decreasing geometric series of which the first term is 
0.1 ’Mo and the constant factor is Mo- 
If n = 4, the sum of the series is 


0.1-Mo[(Ko)^ - 1] 

Mo - 1 


0.09999 g 


After four washings of the precipitate, therefore, 0.09999 g of the 
impurity has been removed. According to the assumption that there 
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was originally 0.1 g of this substance, there remains in the precipitate 
only 0.00001 g, or in other words a negligible amount. 

Consequently, the filtrate should be tested qualitatively for the sub- 
stance to be removed only after the precipitate has been washed four 
times. 

Often the washing will be found to have been complete after the fourth 
washing, but as a rule this will not be so, and in many cases it will 
be found necessary to repeat the operation for ten to twenty times. 
In the processes which are described it will usually be stated how far 
to carry the washing. 

Now in order to wash a precipitate with the least possible amount of 
wash water, it is evident that the size of the filter paper will have an 
effect. The filter should be made 
as small as possible, irrespective of 
whether there is little or much liquid 
to filter. The size of the filter used 
should he regulated entirely by the 
amount of the 'precipitate and not at 
all by the amount of the liquid to be 
filtered. The mistake should not be 
made, however, of using too small a 
filter. The precipitate should never 
reach the upper edge of the paper; o' b 

about 5 mm should remain free, and Fig. 4. 

even then the filter should not be so 

completely filled as in Fig. 4a. It is better to have the filter filled 
about as much as is shown in Fig. 46, where sufficient room is left 
for the wash water. 

The use of too large filters is one of the inexcusable analytical errors. 

Purity of Precipitates. In general, precipitation may be expected to 
take place when the solubility product (see Vol. 1) is exceeded. There- 
fore, by increasing the concentration of the precipitant, say Ag+, the 
quantity of other ion, say Cl”, required to furnish a precipitate is 
diminished and the precipitation is more complete. For practical pur- 
poses, a reaction is complete or quantitative, as we often say, when ^css 
than 0.1 mg remains in solution. A large excess of reagent, however, 
usually does more harm than good. In many cases the precipitate is 
more soluble in a large excess of reagent. Thus barium sulfate is least 
soluble in dilute sulfuric acid but after a certain concentration is reached 
the solubility increases and the precipitate dissolves readily in hot, con- 
centrated sulfuric acid. The most common effect, however, is to 
diminish the purity of the precipitate. The precipitate in forming may 
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entrap some of the solution, an indusion error; or some of the soluble 
ions may stick to the surface of the precipitate, occlusion or adsorption. 

Colloidal Solutions 

When a precipitate forms from a dilute solution, its particles are often very 
small. In estimating the dimensions of small particles, such as molecules, ions, or 
finely divided matter in suspension, it is customary to use three linear units: the 
micron = 10~* meter = mm = 1 the millimicron = 10~® mm = 1 m^i; and the 
angstrom (or Angstrom) = 10~^ mm = 0.1 m/u = 1 A. For very small weights the 
unit 7 (gamma) is used, representing 0.001 mg. Some writers have used the symbol 
MAI for the millimicron, but this practice is likely to lead to confusion; it is better 
to reserve the letter “ m ” for one-thousandth and the Greek n (mu) for one- 
millionth of a millimeter. 

A very large molecule, such as that of starch, when dissolved in water has particles 
which may be 5 mu in diameter but the solution shows some of the properties of 
colloids. In general, molecules in aqueous solution are rarely larger than 1 m/x in 
diameter, and the ions, although hydrated, are rarely larger than a few angstroms in 
diameter. If an aqueous solution of an electrolyte is illuminated by a powerful beam 
of light, there is no scattering of the light rays when the solution is viewed at right 
angles to the direction of the beam; the solutions are optically ‘‘ empty ” and show 
nothing when viewed under the ultramicroscope. If particles larger than 100 A 
( = 10 m/x) are present, they will scatter the light and thus become visible under the 
ultramicroscope by the so-called T7jm.lall effect. 

A solution may appear clear to the naked eye although the particles have much 
larger than molecular dimensions. Thus, if hydrogen sulfide is passed through a 
solution of arsenic trioxide, the liquid will become orange in color but it will appear 
clear if held up before the eye. Under the ultramicroscope myriads of bright particles 
will be observed in rapid motion, and, if the liquid is placed in a strong beam of light, 
a marked scattering of the light rays will be noticed. With the ultramicroscope, the 
presence of particles larger than 10 m/x can be detected. With the ordinary micro- 
scope, the limit is about 0.25 n. 

If the particles of a solute (substance dissolved) present in a solvent are smaller 
than 1 m/x we have a true solution; if the particles have diameters between 1 m^ and 
0.1 /X it is customary to think of the particles as being in colloidal solution, and if the 
particles do not settle out but have diameters larger than 0.1 /u we have what is called 
a suspension although it must be emphasized that this division is arbitrary and there 
are really no sharp lines between a true solution, a colloidal solution and a suspension. 

The physical properties of a true solution (osmotic pressure, lowering of the freez- 
ing point, raising of the boiling point, etc.) are determined by the concentration of the 
solution. A colloidal solution, on the other hand, shows but little depression of the 
freezing point or rise in boiling point as compared with the pure solvent. 

Two types of colloids are formed from aqueous solutions. Some, like silver 
chloride, show little, if any, attraction for water. Before coagulation their colloidal 
solutions are only slightly viscous, and when flocculated, the particles settle in a state 
easy to filter. Such colloids are called suspensoids or hydrophobic colloids. The 
colloid held in suspension is called a sol. Most of the difficultly soluble inorganic 
precipitates will yield sols of the above type. The second type of colloid has a marked 
affinity for water; in the dispersed state (or sol form) such colloids have high viscosity, 
and when coagulated they settle out in the form of gelatinous solids (gels) which 
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retain large quantities of water in a dispersed condition. This type of colloid is 
called an emulsoid or hydrophylic colloid. Silicic acid and hydrated alumina are 
familiar examples of this type. The distinction between these two kinds of colloids 
is not an absolute one. In the dispersed state, both types form sols or hydrosols if 
the dispersion medium is water. From the hygroscopic gels it is hard to remove all 
the water, even by strong ignition, but the suspensoids form precipitates which are 
easy to dry. 

It was formerly customary to classify solids as either crystalline or amorphous^ 
and when this distinction was made it was thought that true solutions were obtained 
from crystalline substances and colloidal or pseudo solutions were formed from 
amorphous solids. This distinction does not seem to be fundamental because many 
apparently amorphous substances have been found to consist of extremely small 
crystals and some liquids possess crystalline properties. The size of the particles, 
as stated above, seems to be the more important criterion. Crystalline solids are 
characterized by a definite shape of tlie individual particles. The sides are plane 
surfaces, and the angles they form with one another are characteristic and always the 
same for a given crystal. When a beam of X-rays is passed through crystalline 
material, there is obtained a diffraction pattern of X-rays s(!attered at various angles 
from the direction of the beam. From such X-ray studies, it has been shown that the 
essential feature in a crystal is the arrangement of the atoms, ions, or molecules in a 
definite pattern which is repeated throughout the crystal. Each positively charged 
atom is surrounded by a number of negatively charged ones, and conversely for each 
negatively charged particle. These tiny particles, definitely separated from one 
another, form what is called the lattice of the crystal. The spaces between these 
particles sometimes permit other material to be entrapped. 

I Flocculation and Peptization. Colloidal solutions are to ho avoided in analytical 
chemistry be(!ause the colloidal particles arc so small that they cannot be removed 
by ordinary filtration. The small particles will remain in a dispersed condition as 
long as their kinetic motion is sufficient to overcome the gravitational attraction 
which tends to cause sedimentation. The dispersed particles can be kept in suspen- 
sion by acquiring an electric charge. This is accomplished by the adsorption of 
anions or cations on the surface of the particles. Thus metal sulfide sols adsorb sulfide 
ions, and these are attracted so strongly that they are fixed on the surface of the 
particles. Whenever such adsorption takes place, there must be adsorption of some 
oppositely charged ion to preserve neutrality. If a sulfide precipitate adsorbs nega- 
tively charged sulfide from hydrogen sulfide, the hydrogen ions cannot approach the 
surface so closely and will remain a slight distance away, since the electrostatic forces 
between the negative ions on the surface and the positive counter ions (in this case 
hydrogen ions) are large. A so-called electrical double layer is set up between the 
particles and the solution, the existence of which is responsible for the stability of the 
sol. All the particles of the sol have the same electric charge and cannot, therefore, 
approach one another closely. If the double layer is destroyed, as by the addition 
of a suitable electrolyte, flocculation results. The minimum quantity of electrolyte 
necessary to flocculate a given colloid is called the flocailation value, and it varies 
with different electrolytes. Thus, to flocculate negatively charged arsenic trisulfide 
sol, 1000 times as much NH4CI is required as AICI3. 

When a colloidal precipitate is washed with pure water, some of the adsorbed ions 
may be removed, and if the concentration of this ion in the wash water is below the 
flocculation value, the particles of the precipitate are likely to go back to the sol 
condition. This is called peptization; it can be prevented by washing the precipitate 
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with a suitable electrolyte, preferably one which can be subsequently removed 
by heating. 

Sometimes the adsorptive power of a precipitate can be used to advantage; for 
example, hydrated stannic oxide will adsorb H3PO4 and H3ASO4 and remove them 
completely, provided that sufficient colloid is present. 

Precipitates formed from very dilute or from very concentrated solutions are 
in the form of extremely fine crystals with colloidal properties. Thus unfiltrable 
precipitates of barium sulfate are obtained from solutions which are above 0.75 N in 
concentration or less than 0.001 N. The precipitates are composed of such tiny 
crystals that they appear to be amorphous. 

Aging of Precipitates. Very fine precipitates often become filtrable if allowed 
to stand for some time in contact with the mother liquor. Keeping the solution near 
the boiling point often helps to flocculate a precipitate, and tjje addition of some 
macerated filter paper pulp is helpful in filtering colloidal material. The crystals that 
first form are likely to be imperfect; on standing they tend to perfect themselves. 
Small particles have a slightly greater solubility than the larger particles; after 
standing the smaller crystals disappear and the others grow larger. Sometimes the 
precipitate that forms first is a metastable modification which, on standing, is changed 
to a more stable and less .soluble state. 

Coprecipitation. Precipitates arc seldom perfectly pure. They may contain a 
little mother liquor or substances which are normally soluble under the prevailing 
conditions. Thus, when baiium sulfate is formed by adding barium chloride to a 
solution of potassium sulfate, the precipitate coiitains a little potassium which is 
hard to remove by wa.shing, although pota.ssium sulfate is easily dissolved by water. 
We .say that potassium sulfate is coprecipilated. This coprecipitation is often caused 
by adsorption on the surface of the crystal. Adsorption during the growth of a 
crystal is called occlusion; it is different from inclusion, which occurs when some 
mother liquor is entrapped. Sometimes a solul solution (also called 7 nixcd crystals) 
is formed of two substances which have the same crystalline characteri.stics. Thus 
PbS04 sometimes crystallizes with BaS04 to form a homogeneous mass or “ single 
phase.” 

Postprecipitation. Many precipitates are deposited slowly and the solution remains 
in a state of supersaturation for a long time. Thus, when calcium oxalate is formed 
in the presence of considerable magnesium ions, the precipitate of CaC204-H20 is 
practically pure at first, but when it has stood for some time, gradually some of the 
magnesium is precipitated. Similarly with sulfides, we find that zinc sulfide, for 
example, is precipitated more readily when a precipitate of HgS or CuS is present. 
Since, by the precipitation of CuS or HgS from a solution, the acidity of the solution is 
increased as shown by the equation 

Cu++ + H2S -> CuS -f 2 H+ 

one might expect that ZnS would form more readily from, say, a solution which is 
0.1 V in HCl, in the absence of copper ions, although the reverse is true. The copre- 
cipitation of the zinc with copper can be explained by the fact that the copper sulfide 
precipitate has strong adsorptive powers toward H2S and, as a result, the concen- 
tration of H2S is greater at the surface of the precipitate than at other parts of the 
solution. 


Equipment and Manipulation 

Paper Filters. Strength, uniform texture, proper porosity, and a low 
ash are the desirable qualities in filter paper for quantitative work. A 
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paper of 7-cm diameter should have an ash of less than 0.05 mg. To 
get this low ash, the paper ha.s been washed with hydrochloric and hydro- 
fluoric acids. This washing makes the paper softer and more porous but 
weakens it so that it is more easily torn. 

The purpose of filtration is to separate a solid from the liquid in which 
it is suspended. The pores of the paper must be smaller than the par- 
ticles of solid which are to be retained by the filter. Precipitates vary 
with respect to the size of the smallest particles. Some, like crystal- 
line barium sulfate or gelatinous metastannic acid, are very fiiK'ly divided 
and require a fine-grained paper. Such filter paper is a slow filtering 
medium. Consequently chemists are accustomed to use dilTerent grades 
of filter paper, some which make rapid filters and others which make 
slow filters but arc required for precipitates that are likely to pass through 
the pores of a rapid filter paper. 

Funnels are supposed to have an angle of exactly 60°, and the simplest 
way to fold a circular cut paper is to crease it across a diameter and then, 
without opening the paper, make a S(‘cond fold at right angles to the 
first one. To test the funnel, and this should always ])c done before 
starting to filter, open the filter so that it makes a cone to fit the funnel, 
wet the paper, and sec if it fits tightly against the side walls of the funnel. 
It is important that it should fit tightly along the upper edge, which 
must always be below the rim of the funnel as otherwise the filter can- 
not be washed satisfactorily. Pour waUa* into the funnel, and if the 
filter fits, the stem should fill with licpiid. If the stem is too wide, 
this will not always happen. A little grease in the stem of the funnel 
will also interfere. If the filter docs not fit when folded into a 60° cone, 
change the second fold sufficiently to make it fit. 

It is convenient to mark the funnel so that it can always be told how 
much the second fold should be changed to make the filter paper 
fit the funnel. It is also well to mark the funnel so that it can 
be recognized as a rapid or as a slow funnel, for funnels vary greatly 
in this respect. 

The above method of folding a filter paper is the easiest and quickest, 
but often considerable time is saved in the filtration by folding the paper 
so that liquid passes through it more rapidly. The following method 
of folding a filter accomplishes this end, but it is harder to make the 
filter fit tightly to the funnel and there is more danger of having a little 
precipitate get by the filter. 

1. Fold the paper evenly across a diameter of the circle as in the 
above method. 

2. Open up the fold and make another at right angles to it creasing 
the paper on the same side as at first. This is done by merely bringing 
the two points on the circumference of the circle that were met by the 
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first fold over against one another and flattening out the paper again. 

3. Turn the paper over and fold again exactly 22)^° away from one 
of the first two folds. To get this position, bisect one of the quadrants 
formed by the previous two folds, by merely bringing two creases together 
and flattening out the paper so that a little crease is made on the cir- 
cumference, and make another bisection in the same way. At this last 
mark fold across the paper with the crease on the opposite side to that 
made by the original folds. 

4. Open up the paper and make another fold at right angles to the 
third fold. Change half of this last fold to make the paper fit the 
funnel. 



Figure 5 shows three stages in folding a filter by the method just 
described, which has been called the qiiadruplet method because four folds 
are made instead of the usual two.^ 

For large funnels a plaited or fluted filter is often desirable. These can 
be purchased already folded, but the quality of the paper is not always 
suitable for quantitative work. Swedish filter paper is satisfactory for 
most purposes when the filter itself is not to be ignited. This can be 
purchased in sheets, and one-quarter sheet is sufficient for a large funnel. 
Since all filter paper retains some of the solution poured through it so 
firmly that it is very difficult to remove the last traces of solute by wash- 
ing, it is never wise to choose a large funnel simply because considerable 
liquid has to be filtered. To make a plaited filter: 

1. Fold the filter once along a diameter as in the first method. Do 
not open this fold. 

2. Make a second fold along the radius as in the first method. 

3. Open this second fold and make two other folds at right angles 
to each other, dividing the doubled filter into quarters. This is accom- 
plished hy taking half of the straight edge of the once-folded filter and 
folding it over to make it coincide with the second fold. Take care 
to make all these folds accurately, but do not crease the paper hard at 
the center. 


^ Mellon, Methods of QmntUative Analysis. 
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4. With the paper again folded only once, make a fold dividing one 
of the outside segments into halves and make a fold at right angles to 
this by bringing over the other half of the straight edge. 

5. Make two more folds starting with the other outside segment. 

By these seven folds the original circle is divided into sixteen parts of 
equal size, and if the paper is opened, half of the creases will be found 
all on the same side in one half of the paper and all on the other side 
in the other half of the paper. 

6. With the paper again doubled as it was after the first fold, start 
at the outside, fold over into the first crease and then bring back the 
outer edge so that it is in line with the outer edge of the first crease. 
This makes a subdivision of the outside segment and brings the crease 
on the opposite side of the doubled paper. 

Without opening this last fold, go into the next crease and again come 
back continuing until the middle fold is reached. 

Start in the same way at the other side of the doubled paper and plait 
toward the center as from the other side. 

In this way the paper will be divided into thirty-two equal segments. 

If the filter is made from a quarter sheet of Swedish paper, it is not neces- 
sary to cut out a circle at the start. When the plaiting is finished it is 
easy to tear off the ends of the folded paper so that it will fit into the 
funnel, without protruding above the edge, and leave a nearly circular 
edge. 

Plaited filters are used chiefly when it is desired to filter off a large 
and bulky precipitate and it is not necessary to wash the precipitate 
thoroughly. Plaited filters made from Swedish paper filter rapidly but 
are likely to break at the point of the cone. 

It is rarely advisable to use suction with a paper filter. The suction 
is likely to draw small particles of the precipitate into the pores of the 
paper and then filtration is usually as slow as or slower than it would 
have been without the suction. If suction is used with a paper filter, 
the filter should rest in a filtering cone made of platinum, palau, or a 
hardened parchment filter. 

Stirring Rods. Each student should have six or eight stirring rods 
of suitable lengths. The rod when resting in a beaker should project 
about 3 cm beyond the lip of the beaker. If small tubing is used, both ^ 
ends should be sealed; solid rods should be fire-polished at each end. 
At least one rod should be fitted with a rubber tip (policeman) for remov- 
ing precipitates which adhere to the walls of beakers. The use of the 
stirring rod in filtering a solution is shown in Fig. 6. The way the 
stirring rod is used in transferring a precipitate to a filter by means of 
a jet of water from a wash bottle is shown in Fig. 7. Note m both 
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illustrations that the end of the funnel stem is close to the side of the 
beaker. The funnel should never be allowed to dip into the filtrate, 

and when it empties into the 
middle of the beaker there is 
more or less spattering. 

Filtering Crucibles. The use 
of a filtering crucible with per- 
forated bottom was first sug- 
gested by F. A. Gooch. ^ 

A Gooch crucible (Fig. 9) 
has a perforated bottom. The 
crucible is provided with an 
asbestos filter, weighed after 
drying at the prescribed temper- 
ature; then the solution is fil- 
Q pjq *2. tered, with the aid of suction, 

through the crucible and the 
precipitate collected in it. After washing the precipitate the crucible 




Fig. 8. 


and its contents are dried and weighed. 
The use of this crucible permits rapid and 
accurate work. 

Preparation of Asbestos Filters 

Cut some long-fibered, soft asbestos, of the non- 
hydrated variety, into pieces H cm long, and digest 
with concentrated hydrochloric acid upon the water 
bath for an hour. A good sample of asbestos will 
then be separated into very small fibers. Collect 
the mass in a funnel upon a filter plate, and wash 
with water until free from chloride. Such washed 
asbestos can now be purchased from dealers in 
chemicals. 

For the preparation of a Gooch filter, shake some 
of the material with water in a flask, so that a thin 
suspension is formed. Stretch a piece of thin rub- 
ber tubing (Fig. 8) over a funnel, and place the 



Fiq. 9. 


> Proc. Am. Acad., 13, 342 (1878); Am. Chem. J., 1, 317. 
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Gooch crucible T in the opening. The funnel should l^e large enough so that the 
crucible is suspended by the rubber without touching the sides of the funnel. 
Pour enough asbestos into the crucible to produce a layer of 1- to 2-intn thickness, 
place a small filter plate (Fig. 9, P), upon this layer, and pour a little more of the 
asbestos suspension into the crucible. Wash the felt with water until no asbestos 
fibers run through, and, in order to see them, pour the liquid into a small beaker. 
Usually such a filter is prepared and used with a gentle suction. 

If the Gooch crucible and the asbestos are heated to the temperature 
at which it is desired to heat the precipitate, cooled in a desiccator, and 
weighed, then the gain in weight after the precipitate has been transferred 
to thecrucible, washed, and heated, represents theweightof the precipitate. 

Often it is sufficient to heat the product to a temperature of 105°, for 
which purpose an automatically controlled electric oven is very service- 
able. If it is desired to heat the precipitate to a higher temperature, the 
Gooch crucible should be heated inside another crucible or in an air bath so 
that the gas flame does not play directly agaiast the holes in the crucible. 
Electric ovens are also made which permit drying at temperatures up 
to 1000°. 

A very simple air bath can be made by taking a piece of J-^-inch 
asbestos board, about 4 inches square, and placing a nichrome triangle 
on it with the ends bent down so that when the crucible is placed in the 
triangle it will not touch the asbestos. Then, when a burner is placed 
beneath the asbestos board, the air above the board will be heated and 
the gas flame will not play directly against the bottom of the crucible. 

Sintered-glass filtering crucibles are made of Jena glass and have a 
porous bottom of sintered ground glass fused to the body of the crucible. 

Jena filtering crucibles are obtainable in various degrees of fineness. Each bears 
a designation etched on the side. Thus a crucible may be marked 1G4. The 1 
designates the size and shape of the crucible, the G stands for the kind of glass used 
(Jenaer Gerateglas), and the number 4 gives the grain size of the fritted glass plate. 
Of these grain sizes No. 1 has pores averaging 100-120 /x in diameter, No. 2 has pores 
averaging 40-50 m, No. 3 has pores of 20-30 and No. 4 has pores of only 5-10 n 
(1 M = 0.001 mm). No. 3 is suitable for moderately fine precipitates, and No. 4 
filters so slowly that it should be used only for very fine precipitates like barium 
sulfate. The highest temperature to which such a crucible can be heated safely is 
about 600®, and this temperature can be reached without harming the crucible only 
when the heating and cooling are very gradual. Sintered Jena glass filtering cruci- 
bles are very resistant to the action of hot water, dilute acids, and strong ammonia 
solutions, but they are acted upon by hot solutions containing caustic alkali. Quartz 
crucibles with sintered bottoms can also be purchased J these can be heated to 1400®. 
After one of these crucibles has been used the solid should be shaken out as completely 
as possible and then dissolved in a suitable solvent. These crucibles are not very 
hygroscopic and therefore are easier to weigh than Gooch crucibles, which are much 
more hygroscopic. Thus a dried Gooch crucible gamed 5.2 mg in weight on standing 
24 hours in the air while at the same time a glass filtering crucible gained only 0.3 mg. 
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For many purposes it is preferable to use instead of a crucible a glass 
tube with an asbestos filter. This is particularly desirable when it is 
necessary to heat the precipitate in a gas stream. Filtering tubes can 
be purchased with sintered glass at the bottom. 

These are useful for weighing very small quantities of precipitate in 
microchemical work. 

The so-called Munroe crucible,^ in which the filtering medium con- 
sists of a porous felt of spongy platinum, is a modification of the Gooch 
crucible which permits rapid and accurate work. The felt is prepared 
by igniting a carefully dried layer of ammonium chloroplatinate, which 
has been poured over the bottom of a platinum Gooch crucible in the 
form of an alcoholic sludge while the crucible is held against several 
layers of filter paper. The felt can be shaped to the crucible during the 
ignition and subsequently burnished lightly with a glass rod of suitable 
form. If imperfections develop, the felt should be saturated again with 
chloroplatinic acid, the crucible slowly 
lowered into a moderately concentrated 
solution of ammonium chloride, washed 
with alcohol, dried, and ignited. On ac- 
count of the high price of platinum, the 
present tendency is to avoid its use as 
much as possible so that the Munroe 
crucible has never been popular. The 
Norton Company of Worchester, Massa- 
chusetts, make Alundum filtering cruci- 
bles which are very rapid but are rather 
slow to dry to constant weight at low 
temperatures. 


Fia. 10. Fig. 11. 

^ C. E. Munroe, J. Anal Chem,, 2 , 241; Chem. News, 58 , 101. See also W. 0. 
Snelling, J . Am. Chem. Soc., 31, 456, and 0. D. Swett, ibid., 31, 928. The last refer- 
ence gives a table of suitable solvents for removing ignited precipitates from the 
Munroe crucible. 
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Triangles. For use with platinum crucibles, platinum triangles are 
desirable. Figures 10 and 11 represent two forms of these. The first 
is made of heavy platinum wire and is intended to rest on the ring of a 
lampstand. The second form is made so that it can be screwed on to the 
ring and thus kept in place. 

Figure 12 shows a clay triangle which can be used even for platinum 
crucibles, and Fig. 13 represents a less expensive nichrome triangle. 




Fig. 12. 


Fiu. 13. 


This may be used with platinum if it is kept clean and no flux is spilled 
upon it, but there is some danger of staining the crucible with this kind 
of a triangle. 

Triangles of fused quartz are also useful. Figure 14 shows the correct 
and incorrect ways of placing a crucible on a triangle in an inclined posi- 
tion. 



Fig. 14. 


Burners. Besides the ordinary Bunsen burners which are familiar to 
all, two other types deserve mention. The Tirrill burner is based upon 
the principle of the Bunsen burner but is an improvement in design. At 
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the base of the burner the flow of gas is regulated by a screw which 
operates a needle valve, and the supply of air is regulated by screwing 
the tube of the burner up or down and thus allowing more or less air to 
enter through the holes at the base. 

The M4ker burner provides for a similar adjustment of gas and of 
air but the shape of the burner tube is different. The tube is narrow- 
est near the base and widens out at the top. As a result the delivery of 
the gas under pressure ;nto the inverted cone causes a greater reduction 
of pressure within the tube and a greater inflow of air than in other 
burners which do not operate with a blast. There is a more perfect 
mixing of the gas with air and a greater combustion of gas within a 
given space. At the top of the burner tube is fitted a nickel grid, and 
the gas burns in a great many small flames with the tip of each inner 
reducing cone about 1 mm above the top of the burner. The many 
small flames unite to give a very hot and highly concentrated flame 
which is oxidizing in character except below the tips of the tiny flame 
cones. A crucible placed just a little above these tiny flames is heated 
nearly as hot as by a blast lami). 

Distilled Water. Various forms of stills are in common use. It is 
important that the vessel containing the boiling water should be so 
separated from the condenser that there is little danger of spray entering it. 

The boiler may be of any material, but the con- 
densing worm and supply pipes should be of 
pure tin. 

Distillation does not free water from carbon 
dioxide, oxygen, nitrogen, and ammonia, and 
supply tanks are likely to become slimy after a 
time. For water analysis and in any work 
involving the use of water free from nitrog- 
enous compounds, it is necessary to distil 
the water a second time with permanganate 
in the boiler. The first and last runnings are 
then rejected. 

Wash Bottles. For transferring a precipi- 
tate to a filter and for washing it, a wash bottle 
is indispensable. Figure 15 shows a sketch of 
Fig. 15. the type most commonly used. It consists of 

a flat-bottomed, 750-ml flask fitted with a 
rubber stopped’ and glass tubing bent so that the mouthpiece and out- 
let tubing are in line. It is best to make the outlet tube in two 
pieces so that the jet can be manipulated by moving two fingers of 
the same hand that holds the bottle. The nozzle may be made by 
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drawing out tubing until a capillary is formed and then cutting off to 
make a stream of the proper size. A stouter tip may be made by simply 
fusing the end of the original tubing until it has contracted to the proper 
diameter. 

The bend of the long piece of tubing inside the flask is made so that 
this reaches into the deepest part of liquid when the wash bottle is 
inclined slightly as in washing precipitates. A bend of the opposite 
kind is useful for washing precipitates out from beakers, when the bottle 
is inclined in the opposite direction. 

In washing the filter, the stream should always be directed against 
the upper edge of the paper; this is the hardest part of the paper to wash. 

For washing with organic solvents that dissolve rubber, a bottle with 
a ground-glass stopper is desirable but it is unnecessary for most work 
in inorganic chemistry. 

The wash bottle shown in Fig. 16 is useful for work with hot water or with bad- 
smelling wash li(iuids. It contains two tubes like the ordinary wash bottle but at 
the end of the tube A a Bunsen valve is placed. This is made by cutting a slit in a 
short piece of rubber tubing, placing this on the end of the tube through which one 
blows in using the bottle, and sealing the other end of the rub- 
ber tubing with a piece of glass rod. On blowing, the slit opens 
but closes to prevent escape of steam. The third tube C is 
closed by the finger when using the bottle or by means of 
rubber tubing and a pinchcock. After blowing through A, a 
stream of water is ejected at B if C is kept closed. When C 
is opened the stream stops. It is well to wind the neck of 
the wash bottle with heavy curtain cord, if it is to be used for 
hot water. 

Policemen. Sometimes a little precipitate adheres 
to the side of a vessel. To remove it, a piece of 
rubber over the end of a glass stirring rod is used. 

This so-called 'policeman may be made by sticking 
together the end of a piece of nibber tubing that fits 
the rod tightly, or it may be purchased from a 
chemical supply house. The j)oliceman should not 
as a rule be used for stirring a solution and should not 
be allowed to remain in solutions. 

Transfer of Liquids. In pouring out a reagent from a bottle never 
place the stopper on the workbench. Pick up the stopper between the 
first two fingers of the right hand with the palm up, grasp the bottle 
with the same hand and the palm over the label, and pour from the bottle 
with the label up so that there is no danger of any liquid falling upon 
the label. It is advisable to cover printed labels with thin coatings of 
gum sandarac dissolved in alcohol. In pouring liquids it is always 



Fiq. 16. 
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advisable to pour against a glass rod so that none of the liquid is spilled. 
In removing the rod do not move it upward and scrape off a little liquid 
thereby. It is well to give the rod a slight downward motion on taking 
it away. 

Reagents and Glassware. One of the greatest sources of trouble for 
the analytical chemist is the presence of impurities in reagents and the 
action of solutions upon glassware. It is desirable to buy the purest 
possible reagents, but the chemist should always take care to test them. 
Even if the reagents are perfectly pure, they often become contaminated 
by solutions remaining in glass bottles. In every analysis, therefore, 
errors are likely to arise from impurities that were in the reagents or 
from glassware that has been somewhat dissolved. Solutions of strong 
acids and bases when kept for some time in bottles will always give a 
slight test for silica if sufficient reagent is taken for the test. 

Today it is possible to buy glassware which is much less acted upon 
by reagents than that formerly used. Such glass is essentially a boro- 
silicate of sodium, zinc, and aluminum. 

It is well sometimes to run through blank analyses to see whether any 
weighable precipitates are obtained when the reagents alone are used in 
an analysis. Such analyses are often misleading because the precipitates 
are so small that they may be overlooked or they may be so fine that they 
need some other precipitate to absorb them and prevent their passage 
through the filter. 

The Evaporation of Liquids. Liquids are usually evaporated upon the 
water bath. In order to prevent anything from falling into the solution, 
the beaker or dish should be covered with a watch glass which is raised 
sufficiently by a glass triangle or a watch-glass support ” to permit 
escape of the volatilized solvent. Under no circumstances, should the 
solution be boiled during evaporation as a little of the solution is always 
carried up with the escaping vapor from a boiling solution. 

Evaporation should take place at a temperature below the boiling point of the 
liquid. If the liquid boils, the escaping gas invariably carries a little entrained liquid 
with it, and for that reason concentrated solutions should never be allowed to boil. 
It is safest to evaporate on a steam bath. Vessels that are wide and shallow with 
rounded bottoms so that they fit well into the holes of the steam bath, the so-called 
evaporating dishes or basins, are most suitable. When filled with liquid,' they are not 
very easy to handle, and for that reason many chemists prefer casseroles which are 
provided with handles. Sometimes platinum dishes are desirable, but the high cost 
and danger of theft prevents their use in many laboratories. Porcelain dishes have 
been preferred to glass for the evaporation of acid solutions, but it is now possible to 
buy glass vessels which will resist the action of dilute acids and bases just as well as, 
if not better than, the better grades of porcelain. Dishes made of fused quartz are 
light and preferable to either glass or porcelain when they are to be weighed. 
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Many laboratories prefer hot plates heated either by gas or by electricity to steam 
baths; for these, the round-bottomed evaporating dishes are not at all suitable be- 
cause there is very little contact of the bottom with the plate and in moving the dish 
about there is danger of spilling some of the contents. Unless the heat is controlled 
<o that the evaporating solution docs not boil, there is almost always loss by spatter- 
ing when the solution is evaporated to a small volume on a hot plate. During the 
evaporation, the dish or beaker should be covered loosely with a watch glass by 
placing a glass triangle, or glass supports, on the upper edge with a watch glass on 
top. If the watch glass (or clock glass) is placed directly upon the vessel, the rate of 
evaporation is retarded; moisture condenses on the under side of the air-cooled 
watch glass and drops back into the solution. This is particularly serious in evapo- 
rating solutions containing sulfuric acid; toward the last the liquid becomes concen- 
trated sulfuric acid and water dropping into it causes very serious spattering. 

Flasks are not, as a rule, suitable for evaporations because there is considerable 
condensation on the sides and neck of the flask. On the other hand, small quantities 
of solution containing sulfuric acid are evaporated conveniently in Erlenmeycr flasks. 
If the flask is held by tongs in a somewhat tilted position and is kept in constant 
motion over a small flame, evaporation is rapid and the sides of the flask serve to 
prevent loss by spattering. Care must be taken not to let the flame come in contact 
with any part of the flask that is not being kept wet with the solution or the glass will 
become overheated and will break when the cooler liquid comes in contact with it. 
A gentle blast of heated air is sometimes allowed to play upon the surface of an 
evaporating liquid; this drives away the vapor and hastens the evaporation. 

The Drying and Igniting of Precipitates. Before a precipitate 
can be weighed it is usually necessary to dry it. Those precipitates 
which do not undergo a change of weight on ignition are treated as 
follows: 

(a) The Precipitate Is Ignited Dry, This method, in which the precip- 
itate is separated from the filter, the filter burnt by itself, the ash added 
to the main part of the precipitate, and the mixture then ignited to con- 
stant weight, is used when the ignited substance will be reduced by the 
burning paper, for example, precipitates of silver chloride, lead sulfate, 
bismuth oxide, etc. 

To perform this operation it is first desirable to dry the filter and 
precipitate at 10Q°. Wet a common filter, stretch it over the top of 
the funnel, and then gently tear off the superfluous paper. The cover 
thus formed continues to adhere after drying. Place the funnel and 
filter in a drying-closet and dry at 100-105®. When they are perfectly 
dry, place a weighed crucible upon a piece of glazed paper of about 20 
sq cm (Fig. 18, left) and carefully shake the dry precipitate into the cruci- 
ble, removing it from the paper as completely as possible by gentle 
rubbing with a platinum spatula. Brush into the crucible with the aid 
of a feather any small particles of the precipitate which may have fallen 
upon the glazed paper (Fig. 18). Small particles of the precipitate will 
still always adhere to the paper, and these must be weighed. In order 
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to accomplish this, set fire to the filter and weigh the ash by itself or 
mixed with the main part of the precipitate.^ 

The combustion of the filter, to which small particles of the precipi- 
tate still adhere, is best accomplished by the method proposed by Bun- 
sen as follows: Fold the filter together so that the precipitate occupies 
the position indicated in the shaded part of Fig. 17 a, and then fold again 



d 

Fig. 17. 


as indicated by ^ and y of Fig. 17 to a narrow strip. Roll up the paper 
as indicated by b, beginning at 6, so that the portion of the filter which 
is free from the precipitate is on the outside. Place the roll in the loop 
of a platinum wire, hold it over the crucible (see P’ig. 18), and set fire to 



Fig. 18. 


the filter by means of the gas flame. Take away the flame and allow 
the paper to bum quietly. If carbonized particles still remain, apply 
the gas flame repeatedly until it is no longer possible to make the par- 
ticles glow any more. (Too strong ignition should be avoided.) Add 
the ash to the contents of the crucible by gentle shaking and the final 

^ By using filter paper which has been carefully washed with hydrochloric and 
hydrofluoric acids, it is permissible to neglect the weight of the ash from the filter 
itself. With an unknown paper it is necessary to determine the weight of the ash 
by a separate experiment and then correct the weight of the precipitate obtained. 
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use of the feather. Heat the crucible at first with a small flame, and 
gradually raise the temperature until the prescribed temperature of igni- 
tion for the given precipitate is reached. Finally remove the flame, 
allow the crucible to cool somewhat, and while it is still warm^ but not 
glowing, place it in a desiccator (Fig. 19). 

After cooling (at least three-quarters of an hour for porcelain crucibles 
and 20 minutes for platinum ones) weigh the crucible and its contents. 

Many precipitates (silver chloride, lead sul- 
fate, etc.) arc partially reduced to metal by 
the above treatment. As these metals arc diffi- 
cultly volatile, however, there will l)0 no loss 
of the metal, only of the anion (chlorine in 
the case of silver chloride and SO4 in the case of 
lead sulfate). This loss may be readily re- 
placed. Moisten the metal in the crucilfle 
with a few drops of nitric acid to dissolve it, 
add a few drops of hydrochloric acid (in the 
case of a silver chloride precipitate), or of 
sulfuric acid (in the case of lead sulfate), and 
after evaporating off the excess of the acid, 
weigh the crucible. The only danger in this method is that in 
burning the filter the ash is heated too hot, so that some of the reduced 
metal melts and alloys with the platinum wire. If, however, the filter 
paper is rolled up as was directed, there is always some paper free from 
precipitate between the precipitate and the platinum wire, yielding an 
ash which, although its weight is inappreciable, is still sufficient to 
protect the wire and prevent the reduced metal from coming in con- 
tact with it, provided that it is not heated strongly enough to melt 
the metal. 

Many precipitates (K2PtCl6, etc.) are changed so much by this treat- 
ment that it would be impossible to obtain correct results. With such 
precipitates the filter cannot be burnt, but it is previously dried at a 
definite temperature and weighed; afterwards the precipitate and filter 
are again dried at the same temperature and weighed again. 

For drying precipitates an electric oven with automatic temperature 
control is most advantageous. The regulator can be set at the desired 
temperature, which will be maintained indefinitely within a few degrees. 

(h) The Precipitate Is Ignited Wet. Those precipitates which do not 
suffer any permanent change by the action of the products of combustion 
of the filter may be ignited wet. Allow the precipitate to drain as much 
as possible, and while still moist place the filter and precipitate in a 
crucible, with the paper folded so that the precipitate is not exposed and 



Fig. 19. 
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so that the moisture will be expelled through a layer of paper and not 
directly into the air. Place the crucible in an inclined position upon a 
triangle (Fig. 20)/ with the cover inclined against the upper edge of the 
crucible and resting on the triangle. Direct the flame of the burner 
against the cover, which quickly dries the filter, then scorches it. Before 
it takes fire, move the flame to the back of the crucible and heat with a 

small flame until all the paper is con- 
sumed without taking fire, then slowly 
increase the temperature until finally 
the crucible is subjected to the whole 
heat of the burner, after which it can be 
heated over the blast lamp if necessary. 

Always in igniting precipitates care 
should be taken to raise the temperature 
slowly. The object in keeping the flame 
near the mouth of the crucible at the 
start is to make sure that the contents 
of the crucible are dried from the out- 
side. If the flames were placed at the 
base of the crucible at the start, there 
would be more danger of loss by spat- 
tering. It is better to use a small 
flame near the crucible than a large 
^^<3. 20. flame with the crucible raised. Care 

should be taken not to let the paper 
take fire, except when the bulk of the precipitate has been re- 
moved from it and is ignited separately. When the paper burns 
rapidly in the cnicible there is danger of a slight mechanical loss due to 
the rapid escape of the products of combustion. 

Too rapid heating of a paper filter may cause two other errors. Often 
the temperature is raised rapidly enough to fuse a little salt around the 
ash of the paper, and carbon inside such a fused coating is hard to burn 
because it is out of contact with the air. This is true, for example, 
of a silica precipitate, which is likely to retain a little adsorbed alkali 
salt. If the precipitate is heated rapidly a little carbon is likely to 
remain even after long ignition over the blast lamp. 

Another serious error is sometimes caused by an undesirable reduction. 
If the filter paper is smoked off slowly at a low temperature it is possible 
to heat mag nesium ammonium phosphate in a platinum crucible with- 

» In Fig. 20, the inner triangle is platinum wire, the outer triangle is heavy iron wire. 

Triangles of fusedsilicaorofnickel-chromiumalloyare suitable (cf. p. 33), but platinum 

alloys with iron, so that a hot crucible should never be placed in contact with iron wire. 
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out damage to the crucible or to heat ferric hydroxide without getting 
any magnetite formed. 

In the case of magnesium ammonium 'phosphate it is quite likely 
that the reduction may be caused by ammonia as well as by carbon. 
The same principle holds, however, for if the ammonia is expelled slowly 
at a low temperature there is less danger of a harmful reduction than 
when the precipitate is decomposed rapidly by strong heating. 

When the price of platinum was low, chemists were accustomed to 
use platinum vessels freely. Thus platinum evaporating dishes, cruci- 
bles, filtering cones, spatulas, and heavy platinum wire were used in 
nearly every chemical laboratory. Since the metal has become more 
expensive, the chemist is learning how to get along without much of it. 
Glassware and porcelain are now made of better quality and can be used 
in chemical work without much contamination. Most ignitions can be 
made in a porcelain or quartz crucible as well as in platinum. More 
time is required to cool these crucibles after they have been heated, but 
the chemist learns to do something else during that time and in the end 
gets more work done by using a number of porcelain crucibles than he 
used to do with a few platinum ones. 

The Properties and Care of Platinum. Platinum melts at 1770® but 
does not soften much until this temperature is nearly reached. It 
resists the action of all common acids except aqua regia and solutions 
containing chlorine. Long contact with acid ferric chloride solution is 
also injurious. It forms alloys with easily reducible metals, and platinum 
crucibles are ruined when such alloys are formed. Long contact with 
hot carbon injures platinum, some carbide being formed. For this reason 
a crucible should always be heated with an oxidizing flame; the flame 
should never show a luminous tip, and the top of the inner cone should 
be below the bottom of the heated platinum vessel. 

Fusion with alkali hydroxides injures platinum, but the metal will 
stand fusion with alkali carbonate. Compounds of phosphorus are 
likely to be reduced by hot carbon, and the crucible is ruined when 
phosphide of platinum is formed. 

Iridium has been used to harden platinum but the alloy is less resistant 
to the action of reagents than pure platinum and the iridium is vola- 
tilized appreciably by heating over the blast lamp. Even good plati- 
num ware is likely to become frosted by strong ignition but the surface 
crystals which cause the frosty appearance should be fine and evenly 
distributed. A poor platinum alloy will often become covered with a 
whitish coating and with brown iron oxide stains. In buying platinum 
it is advisable to get hammered rather than spun ware, which is more 
likely to have surface cracks. It is well to specify that no distinct, 
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uneven discoloration should result from heating, that treatment with 
acid should shov^ no test for iron after heating 2 hours, that the loss on 
heating at 1100° should not exceed 0.2 mg per hour over a period of 4 
hours, and that 5 per cent of rhodium instead of iridium should be pres- 
ent as hard(^ning agent. 

Handle platinum carefully and avoid bending. Use clean tongs for 
handling hot crucibles, and do not let the tongs come in contact with 
melted flux. 

To clean, use chromic acid for removing organic matter, hydrochloric 
or nitric aend singly (never mixed) to remove insoluble carbonates or 
metal oxides. Fuse with sodium carbonate or borax to remove silica 
or silicates and with alkali pyrosulfato to remove metals or oxides that 
resist the action of acids. 

Never heat platinum with the inner cone of the Bunsen flame touching 
the vessel; this will cause l)rittlencss. 

Do not heat compounds of lead, tin, bismuth, arsenic, antimony, or 
zinc in platinum. Do not ignite sulfides in platinum, and avoid heating 
phosphorus compounds exceiR with great care. 

Do not attempt to remove fusions wit-h knives, files, glass rods, or 
other hard tools. Use rubber-t-ii)ped rods or solvents. 

Polish dull surfaces with sea sand or very fine Carborundum^ powder. 

Preparation of the Substance for Analysis 

It is very difficailt to give general rules for the preparation of sub- 
stances for analysis, for it is necessary to proceed differently in differ- 
ent cases. If it is desired to determine the atomic composition of a 
substance, it is necessary to choose pure material for the analysis. 
Although this sounds so simple it is often one of the most difficult con- 
ditions to fulfill. Many substanc(\s are hygroscopic and absorb moisture 
from the air, which can be removed by heating the substance or by 
sirnply allowing it to stand in a desiccator over calcium chloride, pro- 
vided that the substance itself undergoes no change by this treatment. 
Many substances containing water of crystallization cannot even be 
dried in a desiccator, but must be analyzed air-dry. It is always neces- 
sary to determine whether the substance to be analyzed possesses a con- 
stant weight. 

Many commercial salts are prepared pure and can be analyzed 
directly; usually, however, they have stood for some time in the air and 
have been handled somewhat, so that they are not so pure as when 

^ “ Carborundum ” is the proprietary name of a special make of silicon carbide 
which is much used as an abrasive. 
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freshly prepared. Consequently, if it is desired to test the accuracy of 
an analytical process, the purity of a commercial sample should never 
be taken for granted. If the substance is soluble in water it can be 
purified by recrystallization. 

Dissolve 10 or 15 g of the commercial salt in the least possible amount 
of hot water (it is best to use not quite enough water to dissolve the 
substance completely) ^ and pour the hot solution through a plaited filter 
contained in a funnel with the stem broken off (Fig. 21). This serves 
to remove all dust or other insoluble impurity. Catch the filtrate in 
an evaporating dish and cool it rapidly, while stirring constantly, by 
placing the dish in a larger one containing cold water. 



By means of the rapid cooling and constant stirring, the salt is 
obtained in the form of a crystalline powder.^ Filter off the crystals and 
drain them by suction. A perforated porcelain plate covered with 
filter paper may be used in the funnel, or an ordinary filter may be 
used placed in a perforated filter cone or in a small hardened paper, 
to prevent tearing the paper by suction. Test the purity of the sub- 
stance qualitatively by means of some suitable reaction. If it is still 
not quite pure, repeat the same process of rccrystallizatjon until the 
presence of no impurity can be detected. 

Place the pure, moist crystals upon a layer of several thicknesses of 
clean filter paper, cover with another .sheet of filter paper, and allow the 
crystals to stand for 12 hours at the ordinary temperature. Then 
weigh out 1 or 2 g of the .substance upon a tared watch gla.ss, place it 
upon a dry glass plate, cover loosely with another watch glass, and allow 
it to stand for several hours more. If the .substance shows no change in 

* Large crystals would be obtained by allowing the .solution to cool slowly, but 
they are undesirable, as they usually contain more enclosed mother liquor than the 
smaller crystals. Most water-soluble salts are much more soluble in hot water than 
in cold water. 
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weight it is ready for analysis. Otherwise it must be dried in the air 
until it no longer shows a change in weight. It is permissible to dry 
in a desiccator only those substances which will not lose water of crystal- 
lization. Deliquescent substances, of course, should not be allowed to 
remain exposed to the air for very long. Such substances must be 
quickly dried upon a porous plate and transferred as soon as possible to 
a flask provided with a closely fitting ground-glass stopper. 

For technical analyses, the purpose being to determine the cost or 
selling price of an article or to control its manufacture, the substance 
must be analyzed as it is. The sample should represent as far as possible 
the average composition of the product. 

The selection and preparation of representative samples for analysis 
are matters of so great importance that they have been discussed in 
more than 1200 papers^ written since 1892. The quantity of material 
from which the sample for analysis should be taken varies with the 
nature of the material. If it is homogeneous it is merely a matter of 
grinding a portion until it is of suitable fineness. 

The Influence of Fine Grinding on Composition 

The rate at which a substance dissolves increases as the amount of 
surface exposed to the solvent is increased, and for this reason solid 
substances always dissolve more quickly when reduced to a fine powder. 
Moreover, when a material undergoes chemical attack, an insoluble sub- 
stance is often formed and, during the process of solution, the insoluble 
substance may form a protective coating over particles of material that 
have not been acted upon. This danger is diminished if the material 
is in the form of a fine powder. For these reasons the chemist usually 
prefers to grind a solid substance to an impalpable condition before 
attempting to analyze it. 

This practice, though desirable in most cases and absolutely necessary 
in others, is accompanied by certain disadvantages. If the material 
is hard there is always some contamination from the material of which 
the grinding apparatus is constructed. Thus when the sample is ground 
in a steel mortar or in a steel ball-mill, it will be contaminated with a 
little iron, and if ground in an agate mortar with a little silica.^ Again, 
if the sample readily undergoes slight decomposition, such a chemical 

»Cf. W. J. Sharwood and M. M. Bemewitz, Bibliography of the Literature on 
Sampling, Bureau of Mines Publication. Serial No. 2336. 

* Hempel (Z. angew. Chem., 1901, 843) found that an agate mortar and pestle 
lost 0.052 g in grinding 10 g of glass to a fine powder. E. T. Allen found a loss of 
0.145 g of agate in grinding 200 g of quartz. 
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change is likely to take place during the operation of grinding. In 
this way the determination of moisture, of ferrous iron, and of sulfur 
may be influenced very appreciably. 

A numbei; of investigators have pointed out the effect of grinding 
upon the moisture content of a sample. If the sample is practically 
dry, it is likely to absorb considerable moisture when dried in the air. 
Thus Hillebrand^ found that a piece of unglazed porcelain contained 
no moisture originally, but showed 0.62 per cent of water when ground. 
If the substance is very hygroscopic, this danger becomes greater. On 
the other hand, grinding often causes loss of moisture. This is notably 
true of substances containing water of crystallization or superficial 
moisture. Thus grinding can easily reduce the moisture content of a 
sample of gypsum from 20 to 5 per cent, and a sample of coal may show 
several per cent of moisture when large lumps of it are tested and very 
little moisture after it is reduced to a fine powder. 

The heat produced by grinding may not only serve to expel mois- 
ture from the sample, but it may even cause chemical change. Thus 
Mauzelius^ has shown, and the experiment has been repeated by Hille- 
brand^ that the ferrous iron content of a rock becomes smaller on account 
of grinding the rock to a fine powder. It has also been found that some 
sulfur may be lost by long grinding of a sample of pyrite. 

The effect of grinding, therefore, accounts for many divergent results 
obtained by different chemists who have analyzed the same original 
material. 


Sampling a Shipment 

To prepare a representative sample from a large mass of material, 
such as a shipment of ore or of coal, special precautions are necessary. 
It is never safe to take samples from the top of a large pile of material, 
but portions should be selected from all parts. The easiest way to do 
this is in the loading or unloading of the shipment, taking out portions 
at regular intervals either by a shovel, trowel, or mechanical sampler. 
In sampling coal, the United States government^ takes, as a rule, 1000 
pounds from each shipment of 500 tons or less. The size to which ore 
must be crushed for sampling depends on (1) the weight of material 
given to the chemist from the shipment, ** (2) the relative ratio of the rich- 

' The Analysis of Silicate and Carbonate Rock , Bull. 700, U. S. Geol. Survey. 

^Svenges Geol. Undersokning^ Arsbok 1 (1907). 

» J. Am. Chem. Soc., 30, 1120 (1908). 

* G. S. Pope, Methods of Sampling Delivered Coal, Bur. of Mines, BuU. 116. 

® D. W. Brunton, “ The Theory and Practice of Ore Sampling,” Trans. Am. Inst. 
Min. Eng., 26, 827 (1895). 
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est mineral value and the average value of the ore, (3) the density of the 
richest material, and (4) the number of particles of the richast mineral. 
The more “ spotty ” the ore the larger must be the original weight se- 
lected. The results of Bnmton’s work show that it is necessary to 
crush the sample before “ cutting it down ” and advisable after each 
“ cutting ” to crush it still finer. 

Crushing the Sample. After enough material has been taken from 
a shipment to guarantee a representative sample, the next operation 
is to crush it so that the largest particle is not larger than a certain 
definite size. Thus, with a sample of coal weighing 1000 pounds, it is 
all broken up so that the diameter of the largest piece is not more than 
1 in. This may be done by a mechanical grinder^ or by hand with 
an iron tamping bar or sledge. In mineral analysis, where smaller 
samples are usually taken, samples are often broken up by pounding 
on a hardened steel surface with a hardened hammer of the best tool 
steel.^ 

Mixing and Coning. To mix the sample, it is customary to shovel 
it into a conical pile. Each shovelful should fall upon the apex of the 
cone, the material should be thrown so that the cone is not pushed 
away from its original position, and the shoveler should walk around the 
cone as he shovels. This serves to bring the finer material near the 
center of the pile, and the coarser pieces run down the sides. Of the 
first cone usually one half is rejected. This can be done by shoveling 
away the cone from the bottom, while walking around the cone, and 
rejecting every other shovelful. Or the cone may be flattened and 
quartered. 

Quartering. The top of the cone is flattened out and divided into 
quarters. Opposite quarters are taken for the next crushing. 

The mixing, coning, quartering, and crushing should continue until 
finally a sample of 100-200 g is obtained. When the samples are small 
enough, the mixing is best done on a sheet of glazed paper, rubber, or 
oilcloth. A corner of the sheet is lifted and drawn across, low down, 
in such a way that the material is made to roll over and over and does 
not merely slide along. The sample should be rolled back and forth 
along each diagonal for 100 times or more. Then the sample may 
be spread out into squares and a little taken from each square. In 

^ W. F. Hillebrand, The Analysis of Silicate and Carbonate Rocks, U. S. Geol 
Survey, Bull. 700. 

2 Mechanical grinders should be made of specially hardened steel and should be 
built so that they can be kept clean easily. For laboratory grinding, a modified 
McKenna ore grinder has been recommended by Hillebrand. {BuU. 700, U. S, 
Geol. Survey.) 
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weighing out an ore it is always well to mix it by rolling back and 
forth unless it is extremely fine, when it is not likely to segregate on 
standing. Segregation takes place when particles are of difYerent sizes 
and densities. 

If, in the sifting of an ore, metallic particles are left on the screen, it 
is necessary to analyze these particles separately and make a proper 
allowance in the final calculation. It is necessary then to know the 
weight of the entire sample and the weight of metal that does not pass 
through the screen. 

In sifting samples, wire screens are commonly used, bul- inasmuch as 
a little metal is introduced into the sample, silk l)olting cloth is prefer- 
able. 

The cutting) or dividing, at the several stages of the sjim])ling process 
is best done by mechanical means. Some machines, of the riffle type, 
constantly deflect a part of the material that passes through them. 
Others, which for some purposes are more desirable, change the direction 
of the fall of the ore at regular intervals. Buckets arc constructed so 
that, as ore is poured into them, half of it is retained and half rejected. 
Split shovels, consisting of a series of pai’allel troughs with (‘(jually 
wide spaces between them, are made of various sizes, d'he ore retaincid 
by the shovel, or that which passes through, may be taken for the 
sample. In using such shovels, of whi(!h the smallest size is useful for 
weighing out samples that are not pcrfe(;Uy homogeneous, allow a thin 
stream of ore to fall back and forth over the riffki. The distance 
between riffles should be at least three times the diameter of th(^ largest 
particles of ore. 

In sampling metals and alloys it is necessary to remember that they 
are seldom homogeneous. During solidification the jiart that solidifies 
last Ls usually different from that which first separates on cooling. As 
a rule, the outside of an ingot solidifies first and some of the impuri- 
ties are likely to be concentrated or segregated in the interior. In a 
steel rail, microscopic examination often shows that the head, the foot, 
and the web are not exactly the same. The sample used for analysis 
should consist of borings taken from all over the rail, or, better still, it 
should be obtained by planing over the entire cross section. A macro- 
scopic^ survey of the entire cross section after it has been treated with a 
suitable etching agent, such as an 8 per cent solution of cupric ammonium 
chloride or a 6 per cent solution of iodine in alcohol for steel specimens, 
will often show where segregation has taken place. When metals break 
under strain, the crack usually starts at some place where the material 

' Magnifications of less than 10 diameters are often classed as macroscopic, al- 
though, strictly spe&king, they are not included in an exact definition of the term. 
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is defective, usually owing to a little enclosed slag. The analysis of the 
entire material will often fail to indicate a defective material, and the 
cause of the fracture can be shown only as a result of metallographic 
examination of polished specimens under the microscope and the chemi- 
cal analysis of portions where segregation has been revealed by the micro- 
scope. 



CHAPTER II 


GROUPS I AND n OF CATIONS 

SILVER, THALLIUM, MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, 
ARSENIC, ANTIMONY, TIN, GERMANIUM, MOLYBDENUM, SELENIUM, 
TELLURIUM, GOLD, RUTHENIUM, RHODIUM, PALLADIUM, OSMIUM, 
IRIDIUM, PLATINUM 

All the above cations are precipitated by hydrogen sulfide from solutions which are 
slightly acidic in mineral acid. Of these 21 elements, 12 are not considered in ele- 
mentary textbooks on qualitative analysis because of their rarity. For convenience, 
it is customary to divide the 21 metals into three groups: (1) metals which form sul- 
fides that arc insoluble in solutions of alkali sulfides, (2) metals which form sulfides 
that are soluble in alkali sulfide solutions, and (3) gold and the platinum metals. 
From the similarity of the metal sulfides of the first subgroup to the metal oxides, 
this subgroup has been called the sulfo bases; and, since the elements of the second 
subgroup form sulfides comparable with the non-mctallic oxides, these elements have 
been classed as the sulfo acids. The platinum metals ruthenium, osmium, rhodium, 
and palladium can be classed with the sulfo bases, while gold, platinum, and iridium 
could bo considered as belonging with the sulfo acids, but this division of the platinum 
metals is not a sharp one. Silver, thallium, mercury, and lead are classed as Group I 
of the usual qualitative scheme; these metals form chlorides which are difficultly 
soluble in water. The precipitation of lead as chloride is usually incomplete, and 
insoluble chlorides of mercury and thallium arc formed only when these metals are in 
the univalent state. 

(a) METALS WHICH FORM SULFIDES INSOLUBLE IN DILUTE MINERAL 
ACIDS AND IN SOLUTIONS OF ALKALI SULFIDES 

SILVER, THALLIUM, MERCURY, LEAD, BISMUTH, COPPER, 

AND CADMIUM 

Silver, Ag. At. Wt. 107.88 
Forms AgCl and Ag 

Silver occurs native and as the sulfide, telluride, arsenide, antimonide, chloride, 
bromide, iodide, and in numerous sulfo salts. Native gold usually contains some 
silver, and the same is often true of native copper. In ordinary mineral analysis, 
practically all the silver will be precipitated as chloride together with silica, but if 
any appreciable quantity of silver is present it will be noticeable by the curdy appear- 
ance of the precipitate and the fact that it darkens on exposure to light. If ignited 
together with silica in a platinum crucible, the silver chloride will be reduced to 

1 Under this heading will be given in every case the symbols of the states in which 
the element in question is best weighed in gravimetric analysis. 
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metal and alloy with the platinum. If silver ions pass into the filtrate from the 
silica they will not be prccipitfited unU^ss the solution is saturated with hydrogen 
sulfide or treated with ammonium sulfide. 

Silver is separated from oth('r metal ions as chloride. Lead, palladium, univalent 
mercury, univalent copper, and univalent thallium are also precipitated as chlorides, 
and insoluble basic chlorides of antimony or bismuth are often formed by hydrolysis. 
Silver chloride is not pn^cipitated from alkaline solutions containing alkali cyanide or 
alkali thiosulfate as silver forms complex soluble cyanide and thiosulfate anions. 
lnterf(a-{'nce by organic matter, (;yanid('s, thiosulfates, mercury, copper, and thallium 
can be prevented by boiling with aqua regia or, except in the case of thallium, nitric 
acid. Interferenc(? of h^ad (;an bcj prevented by prolonged washing of the precipitate 
with hot, dilute hydrochloric acid or by first precipitating the lead as sulfate. Palla- 
dium, which as [PdCLl” s^^-lt imparts a pink tint to the precipitate of silver chloride, 
can be removed by repiuitedly dissolving the AgCl precipitate in ammonia and 
reprecipitating it by adding a little nitric acid to neutralize the Nils. 

Determination as Silver Chloride, AgCl 

Heat the solution, slightly acid with nitric acid, to boiling and pre- 
cipitate the silver by the addition of hydrochloric acid, drop by drop, 
until no more precipitate is formed. Allow the precipitate to settle in 
a dark place, filter through a Gooch crucible, and wash, first with water 
containing a little nitric acid until the chloride test can no longer be 
obtained and then twice with alcohol or water to remove the nitric acid. 
Dry the precipitate at 100° and finally at 130° till a constant weight 
is obtained. If it is not desired to use a Gooch crucible for this deter- 
mination, filt(‘r off the silver chloride upon an ordinary washed filter, 
wash as before, and dry at 100°. Transfer as much of the precipitate 
as possible to a weighed porcelain crucible, burn the filter (as described 
on p. 38), and add the ash of the filter to the main portion of the pre- 
cipitate. Moisten with a little nitric acid and a drop or two of concen- 
trated hydrochloric acid, dry on the water bath, and heat over a free 
flame until the silver (chloride begins to melt. Weigh after cooling in a 
desiccator. 

Soliihility of Silver Chloride.^ One liter of water dissolves 0.00154 g AgCl at 20° 
and 0.0217 g at 100°. In water containing a little hydrochloric acid, the AgCl is 
le.ss soluble than in pure water, but as the quantity of hydrochloric acid is increased, 
the solubility of AgCl rises rapidly. Thus 1 1 of 1 per cent HCl dissolves only 
0.0002 g AgCl at 21°, but 1 1 of 5 per cent HCl dissolves 0.0003 g, and 1 1 of 10 per 
cent HCl dissolves 0.0555 g AgCl. By melting the silver chloride there is always 
loss by volatilization. 

Determination as Metal, Ag 

Metallic silver is obtained by the ignition of silver oxide, carbonate, 
cyanide, or the salt of an organic acid. In the last case, the substance 


^ G. S. Whitby, Z. arwrg, Chem., 67, 108 (1910). 
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must be heated very cautiously at first in a covered crucible. When 
the organic substance is completely charred, remove the cover from the 
crucible and heat until the carbon is completely burned ; then weigh the 
cnicible. 

From the chloride, bromide (but not the iodide), and sulfide, the metal 
can be obtained by igniting in a current of hydrogen. The reduction 
of the chloride, bromide, and iodide can be effected very conveniently 
by passing the electric current through the substance after it has been 
melted together. Place the porcelain crucible containing the silver 
halide in a crystallizing dish and near it place a second cnicible contain- 
ing a little mercury and a small piece of zinc. Upon the silver salt place 
a small disk of platinum foil, fastened to a platinum wire which dips into 
the mercury in the other crucible. Fill the crystallizing dish with 1,6 N 
sulfuric acid so that the crucible is entirely covered with the acid, and 
allow to stand over night. Next morning all the silver salt will be 
found to be reduced. Remove the crucible from the acid, wash with 
water, dry, ignite, and weigh. By this simple method, E. Lagutt 
obtained excellent results. If the silver halide has not been fused to a 
compact mass, small particles of the silver precipitate are likely to float 
around during the operation, and escape reduction. 

Separation of Silver from Other Metals 

As almost all metal chlorides^ are soluble in dilute hydrochloric acid, 
silver is usually separated from the other metals by the addition of 
hydrochloric acid to the solution. If the solution contains mercurous 
salts these are oxidized before the addition of the hydrochloric acid by 
boiling with nitric acid. 

For the separation of silver from gold and platinum in alloys see pp. 
128, 129, and 132. 


Electrol3rtic Determination of Silver 

Silver may be deposited from nitric acid solutions, from ammoniacal 
solutions, and from potassium cyanide solution. 

From nitric acid solution, the electrolysis succeeds under the follow- 
ing conditions: 0.5 g of silver in 150 ml of 0.1 nitric acid electrolyzed 

1 The chlorides which may precipitate together with AgCl are HgaCL, TICI, 
PbCh, BiOCI and SbOCI. Precipitation of BiOCl and SbOCl is prevented by mak- 
ing the solution more acidic, and these precipitates are soluble in dilute HCl. PbClj 
is easily dissolved by hot water. TlCl is appreciably soluble in hot water but the 
best way to remove TlCl from a mixture of AgCl and TlCl is id boil the precipitate 
with aqua regia to convert TlCl to soluble thallic salt, dilute largely and filter off 
the AgCl. 
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at 55-60® with the voltage kept between 1.35 and 1.38 volts. Add 5 ml 
of alcohol to the bath to prevent the formation of peroxide at the anode. 
From 6 to 8 hours is required to precipitate the last traces of silver. 
Wash the electrode without interrupting the current, and dry at 100®. 


Determination of Silver in Alloys with Baser Metals by Dry Assay 

The cupellation of a silver alloy is carried out in much the same way 
as will be discussed under the determination of gold. Use 0.5 g of the 
alloy, and first determine the approximate silver content by a trial assay. 
Cupel with 5 g of lead, and weigh the resulting button as described on 
p. 129. If the silver is 50 per cent or less, use 8 g of lead for the final 
assay. For each per cent of increase in silver content, use 0.1 g less of 
lead until the content corresponds to 80 per cent silver. Then decrease 
the weight of lead more rapidly with increase in the silver content, 
using 3.5 g of lead for a 90 per cent alloy, 2.3 g of lead for a 93.5 per cent 
alloy, 1.75 g of lead for a 95 per cent alloy, and only 0.6 g of lead for 
nearly pure silver. Unless care is taken to adjust the lead carefully to 
the silver content, the loss of silver during cupellation is likely to be 
serious. 

For the final assay, cupel 0.5 g of the alloy with the suitable quantity 
of lead and weigh the button. Correct for loss of silver by volatiliza- 
tion and absorption by the cupel, by cupelling in the same way and at 
the same time the corresponding quantities of pure silver and copper. 
Without this correction, the results are usually 0.4-1. 1 per cent too low. 

Thallium, T1. At. Wt. 204.39 
Forms; Tl 2 Cr 04 , TI 2 O 3 

The behavior of thallium in mineral analysis depends upon its valence. If it is 
in the univalent state and only a little is present, it is likely to escape recognition 
unless the filtrate from the ammonia precipitation of iron and aluminum is treated 
with ammonium sulfide before precipitating the calcium; black TbS will be formed. 
In the trivalent state, thallium is precipitated with ammonia and is likely to be 
counted as aluminum. By itself, thallium is not precipitated as sulfide in the pres- 
ence of mineral acid although the sulfide is insoluble in acetic acid and in solutions of 
alkali sulfide. Thallous sulfide is rapidly oxidized by air, soluble thallous sulfate 
being formed. Most methods for determining thallium call for its prior reduction 
to the univalent thallous state which is easily accomplished by adding SO2 solution 
in excess and boiling. The most satisfactory method of weighing thallium is as the 
chromate, Tl2Cr04, but good results can also be obtained by weighing as thallic 
oxide, TbOs. Thallium can also be precipitated as Til by treating the weakly acidic 
solution with SO2 and adding KI in moderate excess. Under these conditions 
CU2I2 and Agl are also precipitated. 
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Determination as Thallous Chromate, Tl 2 Cr 04 ^ 

The solution under examination should contain about 1 mg T1 per ml, 
no excessive quantity of ammonium salt, and nothing that will be precipi- 
tated by ammonia, reduce chromic acid, or react with thallium or potas- 
sium chromate in the presence of ammonia. Neutralize the acidic 
solution of thallous salt with ammonia and add 1 ml of strong ammonia 
in excess for each 100 ml of solution. Heat to about 75° and slowly add, 
while stirring, a solution of K 2 Cr 04 until the solution contains approxi- 
mately 2 g of K 2 Cr 04 in 100 ml. Cool, and filter, after it has stood 12 
hours, into a weighed filtering crucible. Wash first with 1 per cent 
K2Cr04 solution and finally with 50 p(^r cent alcohol until all soluble 
chromate is removed. Dry for an hour at 120-130° and weigh as 
Tl2Cr()4. 

Determination as Thallic Oxide, 

To 50-100 ml of acid solution containing thallium in the univalent 
state, no reducing agents, no compounds other than thallium that are 
precipitated by potassium ferri cyanide or potassium ferrocyanide in an 
alkaline solution and no other compounds such as iodide or chromate 
that will react with thallium, add 5 per cent KOH solution until neutral 
and 25 ml in excess. Add 25 ml of 8 per cent K3Fe(CN)6*3H20 solution 
and let stand 18 hours. Under these conditions, thallium is oxidized 
by the ferricyanide to the thallic state and precipitated as hydrated 
TI 2 O 3 . Filter through a weighed filtering crucible, wash with hot 
water, dry at 200° and weigh as TI 2 O 3 . 

Mercury, Hg. At. Wt. 200.6 
Forms : HgS, Hg-^CU, and Hg 
Determination as Sulfide 

(a) Precipitation with Hydrogen Sulfide 

The solution should contain not over 0.1 g of mercury as mercuric 
salt in a volume of 100 ml and should contain no oxidizing substances 
(FeCls, Cl, much HNO 3 , etc.). Saturate with hydrogen sulfide in the 
cold, allow the precipitate to settle, filter through a filtering crucible, 
wash with cold water, dry at 105°-110° C, and weigh as HgS. 


'Browning and Hutchins, Am. J. Sci.^ [4] 8, 460 (1899); Mach and Lepper, 
Z. anal. Chem., 68, 36 (1926); Moses and BrukI, Monatsh., 47, 709 (1926). 

2 Browning and Palmer, Am. J. Sci., [4J 27, 380 (1909) ; Mach and Lepper, 
Z. anal. Chem., 68, 41 (1926). 
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Remark. This method affords excellent results but it is not always applicable, 
because most solutions to be analyzed contain strong nitric acid (obtained by the 
solution of impure mercuric sulfide in aqua regia, by the decomposition of organic 
mercury compounds by the method of Carius, or by the oxidation of mercurous salts). 
It is not possible t(j expel the excess of nitric acid by evaporating the solution with 
hydrochloric acid, because considerable amounts of mercuric chloride are volatilized 
with the escaping steam. In such a case the following procedure suggested by 
Volhard should be used : 


(b) Precipitation with Ammonium Sulfide 

Nearly neutralize.* the acid solution of the mercuric salt with pure 
sodium carbonate and treat with a slight excess of freshly prepared 
ammonium sulfide. Add pure sodium hydroxide solution (free from 
Ag, AUOa, and SiO'i), whihi rotating the solution, until the dark liquid 
begins to lighten; then heat to boiling and add more sodium hydroxide 
until the liquid is peife(dJy clear. The solution now contains the 
/SNa 

mercury as siilfo salt, ITg(^ . Add ammonium nitrate (5 g for each 

\SNa 

100 ml), boil the solution until the ammonia is almost entirely expelled, 
and allow the precipitate to settle. By means of the boiling with 
ammonium nitrate, the sulfo salt is d(*composed according to the 
equation : 

IIg(SNa)2 + 2NII4NO3 = 2 NaN 03 -f (NH^^S + HgS 


Decant the clear liquid through a Gooch crucible, and wash the 
precipitate by decantation with hot water until the wash water no 



longer reacts with silver nitrate solution. Transfer 
the precipitate to the crucible, dry at 110° C, and 
weigh. If the precipitate contains free sulfur, boil 
it with a little sodiiun sulfite before filtering.^ 

A still better way of removing free sulfur from 
the precipitate consists of extracting with carbon 
bisulfide. In this case filter off the mercuric sul- 
fide, together with the sulfur, through a Gooch 
crucible; wash thoroughly with water and then 
three times with alcohol. Now place the crucible 
upon a glass tripod in a beaker containing some 
carbon bisulfide (Fig. 22). ^ Support the beaker 
over a vessel filled with hot water and cover it 


Fig. 22. with a round-bottomed flask containing cold water 


'By boiling with sodium sulfite, the sulfur is changed to sodium thiosulfate, 
Na2S08 -f- S = Na2S208. 

* G. Vortmann, Uebungsbeispiele a us der quantitativen chemischen Analyse. 
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to serve as a condenser. After about an hour the sulfur will be com- 
pletely extracted. Remove the carbon bisulfide from the precipitate 
by washing once with alcohol and once with ether. Drive off the ether 
by gently warming, dry the precipitate at 110° C, and weigh as HgS. 

Detenninatioa of Mercury in Non-Electrolytes 

If it is desired to determine mercury in an organic non-electrolyte, de- 
compose the compound by the method of Carius (see Chaptc'r VI) by heat- 
ing in a closed tube with concentrated nitric acid, and precipitate the 
mercury as sulfide by the method of Volhard; or to the acid solution 
add pure sodium hydroxide solution to alkaline reaction and then 
enough pure potassium cyanide to dissolve the mercuric oxide. Now 
saturate the solution with hydrogen sulfide, add ammonium acetate, 
boil the solution until the ammonia is almost entirely expelled, allow the 
precipitate to settle, filter, and wash first with hot water, then with hot 
dilute hydrochloric acid, and finally with water. After drying at 1 10® C, 
weigh the precipitate of mercuric sulfide. 

Determination as Mercurous Chloride 

For the analysis of a solution containing a mercurous salt, treat the solution, at 
a volume of 100 ml for each 0.1 g of mercury, with a slight excess of sodium chloride 
solution. After it has stood for 12 hours filter through a CJooch crucible, dry at 
105° C, and weigh as Hg 2 Cl 2 . If the solution contains a mercuric salt, first reduce it 
by the method of H. Rose, using phosphorous acid in the presence of hydrochloric 
acid as follows : 

To the solution of mercuric salt (which almost always contains nitric 
acid) add some hydrochloric acid, enough water to make the volume 
at least 100 ml for each 0.1 g of mercury, and an excess of phosphorous 
acid. After 12 hours filter off the precipitate through a Gooch crucible, 
dry at 105®, and weigh. 

Remark. The results obtained by this method are always about 0.4 per cent 
too low, but in spite of this fact the method is to be recommended. 

The phosphorous acid necessary for this method can be obtained by the oxidation 
of phosphorus in moist air or by the decomposition of phosphorus trichloride with 
water, the solution being evaporated to remove the hydrochloric acid and the residue 
being dissolved in water. 

Determination as Metal 

Nearly all mercury compounds except the iodide are decomposed 
quantitatively by heating with lime: 

2HgX + 2CaO = 2CaX + 2Hg 4- Oj 
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To carry out this determination,^ take a glass tube 50 cm long and 
1.5 cm wide, open at both ends, and near one end place an asbestos 
plug, follow this with an 8-cm layer of pure lime, then an intimate 
mixture of a weighed amount of substance with lime, and finally a layer 
of lime 30 cm long. At the other end of the tube insert another asbestos 
plug. After the tube has been filled, draw out the tube at the end 
nearest this second asbestos plug until it is only 4 mm wide. Connect 
this end of the tube by means of rubber tubing with the empty, narrower 
arm of a very small P^ligot tube. Loosely fill the other and wider end 
of the P^ligot tube with pure gold leaf. Place the glass tube in a com- 
bustion furnace and pass illuminating gas (carbon dioxide is less suited) 
through it for half an hour. Then heat the tube, at first where the 
30-cm layer of lime is, then light the other burners one after another 
until finally the entire contents of the tube are subjected to gentle 
ignition. During the whole of the operation pass illuminating gas 
through the apparatus at the rate of about three bubbles a second. 
The greater part of the mercury collects in the lower empty end of the 
P61igot tube, and the mercury vapors, which arc carried further, amal- 
gamate with the gold. A small amount of the mercury condenses in 
the drawn-out tube. After cooling the apparatus (in a current of 
illuminating gas) cut off the narrow part of the tube both sides of the 
condensed mercury and weigh. Then heat gently, while passing air 
through the tube to volatilize the mercury, and again weigh. The differ- 
ence in weight gives the amount of mercury condensed in the combustion 
tube. The P41igot tube is usually moist; pass dry air through it for 
some time, and finally weigh it. The gain in weight represents the 
weight of mercury that amalgamated with the gold. 

Although it is easy to obtain good results by this method, it is slower 
than the sulfide method and is no more accurate. 

If it is desired to determine the amount of mercury vapor present in 
a given space, it is only necessary to aspirate the gas through a calcium 
chloride tube filled with gold leaf. The gain in weight of the latter 
shows the amount of mercury present in the gas. 

Small quantities of mercury can be detected by reduction with powdered copper 
followed by amalgamation on gold foil. 

To 500 ml of neutral solution in a 750-ml flask add 10-20 ml of concentrated 
hydrochloric acid and 2 g of powdered copper. Stopper the flask, shake several 
minutes, and allow to stand over night. Decant off the clear liquid, transfer the 
copper to an asbestos filter, and wash with water, then with ethyl alcohol, and finally 
with ether. Transfer the air-dried residue to a small, glass bulb tube, taking care to 
avoid letting any of the copper stick to the sides of the tubing. The transfer can be 


» First proposed by Erdmann and Marchand, J. prakt. Chem., 31, 385. 
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made with the aid of a thin-stemmed funnel. Add a little powdered MgCOs, insert 
a plug of asbestos at the neck of the bulb, and draw out the tubing about 2 cm above 
the bulb. Place small pieces of dental gold leaf in the constricted part of the tubing. 
Heat the bulb uniformly to red heat with wet filter paper on the constricted part of 
the tubing to keep it cool so that the mercury as it distils from the copper will con- 
dense. As little as 0.0001 mg of mercury can be detected. 

Small quantities of mercury can be detected electrolytically with a rttiaH platinum 
wire as anode and a fine bright copper wire as a cathode. 


Electrolytic Determination of Mercury' 

Mercury can be determined satisfactorily by the electrolysis of acid, neutral, or 
alkaline solutions. The metal is deposited in the form of little drops, which, when 
the quantity is small, adhere to the electrode, or, when larger amounts are present, 
may collect at the bottom of a platinum dish used as cathode. 

The electrolysis takes place to advantage in solutions slightly acid with nitric acid. 

Procedure. To 150 ml of the neutral or slightly acid solution of 
the mercurous or mercuric salt in a beaker, add 2 or 3 ml of concen- 
trated nitric acid, and electrolyze with a platinum gauze electrode at 
room temperature with a current of 0.05-0.10 ampere. The voltage 
should be between 3.5 and 5 volts. If the electrolysis is started at 
night, it will be finished next morning, provided that the amount of 
mercury does not exceed 1 g. By using a current of 0.6-1 ampere the 
electrolysis is finished at the end of 2 or 3 hours. At the end of the 
electrolysis, wash the metal with water without interrupting the current, 
then with alcohol,^ and dry by touching it with filter paper. Finally 
keep it in a desiccator over fused potassium hydroxide and a small dish 
of mercury for several hours. In this way correct results are obtained. 
Drying at 100° and then over sulfuric acid in a desiccator gives rise to low 
results because the acid absorbs considerable mercury vapor. 

During the electrolysis of mercuric chloride^ the solution often becomes 
turbid from the formation of insoluble mercurous chloride; this does no 
harm, however, as the metal is subsequently deposited on the cathode. 

‘ Luckow, Z. anal. Chem., 19 , 15 (1880); Smith and Knerr, Am. Chem. J., 8, 
206; F. W. Clarke, Ber., 11 , 1409 (1878); RUdorff, Z. angew. Chem.^ 1894 , 388; 
Classen and Ludwig, Ber., 19 , 324 (1886); G. Vortmann, Ber., 24 , 2750 (1891). 

2 It is usually stated that alcohol is not to be used, but with gauze electrodes it 
does no harm. 

5 In the electrolysis of the chloride, it is better to use a platinum dish with dull, 
unpolished inner surface (Classen) because then any mercurous chloride will cer- 
tainly be reduced to metal, which is not always the case with gauze electrodes. 
When a dish is used as cathode, wash the electrode, without breaking the circuit, 
by pouring water into it from a wash bottle while the solution is being siphoned off. 
As soon as the ammeter reaches the zero mark, the washing is finished. Turn off the 
current, pour off the solution carefully, dry the electrode as above, and weigh. 
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Mercury can also be electrolyzed from a solution in potassium cya- 
nide in the presence of some caustic alkali, and similarly from a solu- 
tion formed by dissolving mercuric sulfide in 50-60 ml of concentrated 
sodium sulfide solution. 

The great advantage of the electrolytic determination of mercury 
lies in the fact that good deposits are obtained irrespective of the nature 
of the acid radical, or element, which is combined with mercury. 

LEAD, Pb. At. Wt. 207.2 

Forms : PbO, PbS 04 , Pb02, PbMo 04 , PbCr 04 , and in rare cases PbCli ' 
1. Determination as Lead Oxide, PbO 

If the lead is present as carbonate, nitrate, or* peroxide, it is only 
necessary to ignite a weighed portion in a porcelain crucible over a 
small flame and weigh the residue. The treatment of the nitrate requires 
care, because on rapid ignition the mass decrepitates. 

2. Determination as Lead Sulfate, PbS 04 

If the lead is present in solution in the form of its chloride or nitrate, 
add an excess of dilute sulfuric acid^ and evaporate the mixture on the 
water bath as far as possible, then over a free flame until dense white 
fumes of sulfuric acid are evolved. Cool, dilute with 15 volumes of 
water, stir, allow to stand some hours, and filter through a Gooch cru- 
cible, Wash at first with 8 per cent sulfuric acid (by weight), then 
with alcohol, and dry at 100°. Place the Gooch crucible in a larger 
porcelain crucible provided with an asbestos ring, and ignite over the 
full flame of a Teclu or Tirrill burner or heat the crucible in a muffle to 
500-600°. The addition of an equal volume of alcohol before filtering 
off the PbS 04 precipitate is advisable except whem alkaline earth is 
present. 

If it is desired to use an ordinary filter, finally wash the precipitate with alcohol 
until the wash liquid no longer gives the sulfuric acid reaction, dry, transfer as much 
of it as possible to a piece of glazed paper, and cover it with a watch glass. Ignite 
the paper together with some precipitate in a tared porcelain crucible. The hot 
carbon will reduce some of the PbS04 to Pb. Moisten with nitric acid and a drop 
of H2SO4, and heat carefully until all excess acid is evolved. Then add the bulk of 
the precipitate and heat again. 

If the lead is originally present as acetate, treat the solution with an excess of 

^ See analysis of vanadinite. 

* The solution at the time of filtering should contain about 5 per cent of free 
sulfuric acid. 
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dilute sulfuric acid and twice its volume of alcohol, filter after standing some hours, 
and treat the precipitate of lead sulfate exactly as described above. 

To determine the lead present in organic compounds, place the substance in a 
large porcelain crucible, treat with an excess of concentrated sulfuric acid, and very 
cautiously heat in the covered crucible over a free flame until the sulfuric acid is 
completely expelled. Then gently ignite the crucible; if tlu^ residue is white, it is 
ready to be weighed. Otherwise atld more sulfuric acid and rei)eat the process until 
finally a white residue is obtained. 

If the organic lead compound is soluble in water, it is pn'ferable first to precipitate 
the lead by means of hydrogen sulfide and tlaai transform tlu' precipitate into sulfate. 
E'er this purpose, place as much as possible of the wtished and dried lead sulfide 
precipitate upon a watch glass; heat the filter and remainder of tlui precipitate 
in a large porcelain crucible, which is support(‘d in an inclined position. Heat 
carefully over a small flame until tlu' filha- pajx'r is completely consumed. Add the 
main part of the precipitate to tlie crucible, cover with a watch glass, and treat with 
concentrated nitric acid at the hunperature of the water bath. When the main 
reaction is over, repeat the treatmimt with strong nitric acid until the contents of 
the crucible are pure white in color. TImmi remove the watch glass, add 5 or 10 drops 
of dilute sulfuric acid, and evaporate the licpiid as far as possible' on the water bath. 
Remove the excess of sulfuric acid by heating in an air bath which can be made from 
a larger, metal crucible; fttte'el with a wire' triangle to support the' smaller crucible*; 
cool and weigh the lead sulfate. 8he)uld the' pre'cipitate be; elark e*e)lor(;d after the 
ignition, moisten it with concentrateel sulfuric aciel anel again exi)el the excess of acid. 

If the lead is present in an organic etompound which is not capable* of dissociation, 
the compound shoulel be deejornpexseel in a cIe)S('el tube witli strong nitric ae;id accord- 
ing to the method e)f Carius (.se'e Chapter VI), finally wasliing out the; contents of the 
tube, adding sulfuric acid, and treating the; precipitate as elese ribe'd abejvo. 

Separation of Lead Sulfate from Barium Sulfate and Silicic Acid 

In the analysis of sulfide ores containing lead, it is customary to 
dissolve the finely powdeu’od ore in nitric a(;id, or aejua regia, and to 
remove the volatile acids by evaporation witli sulfuric acid, eventually 
heating over the free flame until fumes of sulfuric acid come off thickly. 
The sulfuric acid should be diluted with an equal volume of water before 
being added to the original solution; usually 10 ml of the diluted acid 
is sufficient. Afb^r the evaporation, allow the moist residue to cool, 
add 100 ml of water, and filter off the precipitate, washing it with 5 
per cent sulfuric acid. The precipitate contains all the lead as sulfate 
but often contains silica and barium sulfate (also strontium sulfate 
and sometimes calcium sulfate). If only a little impurity is present, 
treat the precipitate with hot ammonium acetate solution (made by 
neutralizing 6 N acetic acid with 6 N ammonia, and leaving the mixture 
barely ammoniacal). When the precipitate is large in amount it is 
best to wash it into a beaker or flask and heat it with about 20 ml of 2 AT 
ammonium acetate solution (or enough to dissolve all the lead sulfate), 
then filter through the original filter, and wash with hot anunonium 
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acetate solution and finally with hot water until the filtrate gives no 
blackening with ammonium sulfide. Small precipitates of lead sulfate 
can be dissolved on the filter. The silica and barium sulfate will remain 
undissolvod, but calcium sulfate will follow the lead sulfate. 

To obtain lead from the acetate solution, precipitate it as sulfide by 
hydrogen sulfide, and transform, after drying, into sulfate as described 
on p. 59. Or add 10 ml of 18 N sulfuric acid to 100 ml of the ammo- 
nium acetate solution, remove the acetic acid by evaporation, allow the 
residue to cool, dilute with water to 100 ml, and filter the lead sulfate 
into a Gooch crucible. Wa.sh the precipitate with cold 5 per cent 
sulfuric acid, heat in an air bath, and weigh. 

If the amount of ammonium acetate solution used is not too large, 
the lead may be precipitated by adding enough sulfuric acid to the 
acetate solution to make the solution contain from 5 to 10 per cent sul- 
furic acid by weight. Sometimes the precipitate is not pure lead sul- 
fate, in which case it should be redissolved in ammonium acetate and 
the precipitation as sulfate repeated. 

With lead ores containing more substantial amounts of alkaline-earth 
sulfates, evaporation of the nitric solution of the ore with sulfuric acid 
gives a residue of sulfates containing a variable amount of lead in the 
form of a mixed precipitate (Ba, Pb)S04, insoluble in ammonium acetate. 
Such ores should be decomposed with hydrochloric and a little nitric 
acid, the liquid evaporated to dryness, the residue digested with 20 ml 
of strong hydrochloric acid, and the acid diluted to 200 ml with hot 
water. Then, after filtering and thoroughly washing with hot water to 
dissolve all the lead chloride, the silica and barium sulfate will remain 
insoluble. Nearly neutralize the filtrate with ammonia and pass H2S 
into the slightly acid solution to precipitate PbS, and after extraction of 
antimony sulfide, etc., if present, with sodium sulfide, dissolve in HNO3 
and convert into sulfate by evaporating with H2SO4, etc., as described on 
p. 59. 


3. Determination as Lead Molybdate, PbMo 04 

In the absence of alkaline earths, chromates, arsenates, or phosphates, the determi- 
nation of lead as PbMo 04 is advantageous. The precipitate is less soluble than 
PbSOi and has a high molecular weight. The introduction of molybdate, however, is 
objectionable if other ions are to be determined in the filtrate from the lead determi- 
nation. 

Procedure. Dilute the solution containing preferably not more than 
6.5 g of lead to about 200 ml and add 0.5 ml of 6 AT HNOa. Heat 
to boiling and slowly add, while stirring, a 2.5 per cent aqueous solution 
of (NH4)6 Mo 7024*4H20. When the precipitation appears to be com- 
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plete, let the precipitate settle and add a few more drops of the reagent 
but avoid a large excess. Wlien the precipitation is complete add 
6 N NH4OH until* the solution is faintly basic to litmus paper, then add 
a few drops of acetic acid. After about 15 minutes, filter through a 
weighed filtering crucible and wash with hot 2 per cent ammonium 
nitrate solution. Place in a radiator or muffle and heat slowly to dull 
redness. Weigh as PbMo 04 . 

4. Determination as Lead Chromate, PbCr 04 

The determination of lead as chromate has been recommended often but since the 
composition of the heated precipitate does not correspond exactly to the formula 
PbCr04 the method is not to be recommended except for determining snaall quantities 
of lead. Even then it is advisable to carry out a determination with a known quan- 
tity of lead under precisely the same conditions and from this find an empirical factor 
to be used in calculating the results. A precipitate of PbSOi which can hardly be 
seen can be dissolved in hot ammonium acetate solution and will give a much more 
characteristic yellow lead chromate precipitate. 

Procedure. Precipitate not more than 0.05 g of lead as sulfate as 
described under the Determination of Lead as Sulfate. '' Wash the 
precipitate with dilute H 2 SO 4 and transfer to a 250-ml flask as much as 
possible by making a hole in the filter and washing with a stream of hot 
water from a wash bottle. Dissolve the precipitate in a very little hot 
3 N NH 4 C 2 H 3 O 2 (prepared by adding 3 N acetic acid to 3 ammonia 
until the solution is slightly acid). Moisten the filter with 3-5 ml 
of the hot ammonium acetate solution and then wash with a little hot 
water from a wash bottle. Catch the ammonium acetate and the hot 
water in the flask containing the bulk of the precipitate. Continue 
treating the filter paper alternately with small portions of hot ammonium 
acetate solution and hot water until finally the last washing will give no 
sign of yellow precipitate upon the addition of a few drops of 0.1 iV 
K 2 Cr 207 solution; if a precipitate of yellow PbCr 04 is obtained, save it 
and add it to the main solution after it has been treated with K 2 Cr 207 . 
It should not be necessary to use more than 25 ml of the 3 N ammonium 
acetate solution. Finally heat the solution in the flask until all the 
PbS 04 precipitate is dissolved. Dilute to about 150 ml and add to the 
boiling solution 0.1 W K 2 Cr 207 solution from a buret. Ten milliliters 
of the reagent should be sufficient to precipitate all the lead as yellow 
PbCr 04 and leave the solution slightly orange in color after the precipi- 
tate has settled. Filter, wash the precipitate with hot water until the 
washings are perfectly colorless, dry at 105-110° for an hour, and weigh 
as PbCr 04 . 

Carry out the same procedure with a known quantity of lead salt to 
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find the empirical factor to be used in calculating the weight of Pb or PbO 
present. One gram of pure PbCr 04 = 0.6411 g Pb or 0.6906 g PbO. 
In determining the (‘mpirical factor the same quantities of sulfuric acid, 
ammonium acetate, and potassium dichromate should be used as in the 
analysis its(4f. 

6. Electrolytic Determination of Lead as Peroxide (PbO 2 ) 

Lead can bo doposit(!d as metal upon the cathode by the electrolysis of solutions 
containiriK the compUiX oxalate, tfic acetate, the hydroxide dissolved in caustic 
alkali, or the ph()s[)liato dissolved (‘ither in caustic alkali or in phosphoric acid, d 1.7. 
1'he deposit is (‘asily oxidized, and there is always danger of some lead peroxide being 
formed on the anod(i. No iruithod for the electrolytic determination of lead is as 
satisfactory as tiiat depending upon the deposition of all the lead, as Pb() 2 , on the 
anode by tlie ehvitrolysis of a nitric; acrid solution. The concentration of the nitric 
acid may be; suc;h that no copperr will be deposited on the crathode, or more dilute 
nitric; acrid may be iiscul and the cropper cletormincrd simultanc^ously. 

The deposition takers placre advantageously upon a sand-bhisted platinum gauze 
anode though Classc'ii prc‘fc;rrecl a platinum dish wliose inner surface had been sand- 
bUisted. Chloride;, merreury, arscrnic, tc'llurium, selcmiiim, and manganese should be 
absent. 

Procedure. To 100-150 ml of .solution containing not more than 
0. 1 g lead as nitrate, add 10-15 ml of 15 N HNO.^ and electrolyze at room 
temperature with a current of 0.5 ampere or at 50-60° for an hour. If it 
is desiu'd to h't the eh'ctrolysis run over niglit, a currc'ntof 0.5 ampere is 
sufficient. To tc‘st for comj)let('ness of deposition, add water to provide 
fresh electrode surface and note wlndber any more deposit forms. 
Without interrupting the current, raise; the; electrode, or lower the beaker 
containing the solution, and wash the anode promptly. Dry at 220° 
and weigh as PbOi. The Pb02 dissolves easily in hot dilute nitric acid 
containing a little oxalic acid or hydrogen peroxide. After the deposi- 
tion of the lead, the electrolyte can be neutralized with ammonia and 
made acad with 2 ml of H2SO4, and any copper present deposited upon 
the cathode. 


Bismuth, Bi. At. Wt. 209.0 

Forms: BiP 04 , BiOCl, Bi 203 , Bi 2 S 3 , Bi 

1. Determination as Bismuth Phosphate, BiPOi 

It is generally agreed that the determination as phosphate is the 
most satisfactory method that has been proposed for determining 
bismuth.^ 

1 L. Moser, Die BestimmungsTneihoden des Wismuihs, Stuttgart, 1909. W. R. 
Schoeller and E. F. Waterhouse, Aiialyst, 46 , 435 (1920). 
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Treat the cold solution, containing no chloride and not more than 
0.5 g of Bi at a volume of not more than 100 ml, with strong ammonia 
until a slight permanent precipitate is obtained. Dissolve this in 2 ml of 
6 N nitric acid. Heat to boiling, and to the boiling solution add, while 
stirring constantly, 10 per cent diammonium phosphate solution from a 
buret, using 20 ml for 0.05 g, 30 ml for 0.1 g, 40 ml for 0.2 g, and 60 ml 
for 0.4-0.5 g of Bi. Wlien the retphn'd volume of phosphate has been 
added, dilute to 400 ml with boiling water and allow to stand 10-15 
minutes on a hot plate or water bath. Decant through a weighed Gooch 
crucible, and wash the precipitate with 3 per cent ammonium nitrate 
solution containing a few drops of nitric acid per liter. Dry, ignite 
gently inside another crucible, and weigh as BiP 04 . 

Determination of Bismuth in Ores 

Digest 1 g of the powdered sample with 1.5 ml of concentrated hydrochloric acid. 
Add concentrated nitric acid to dissolve any sulfide and evaporate nearly to dryness. 
Add 10 ml of nitric acid and again evaporate. Take up the residue in 15 ml of 
strong hydrochloric acid and dilute with wati'r to about .50 ml. Filter off the sili- 
cious residue and wash with normal hydrochloric .acid. 

If lead is present, add 1-2 g of line iron wire and heat at the boiling temperature 
for 10-20 minutes. If lead is absent omit this treatment and pn'cipitate with hydro- 
gen sulfide at once. 

Filter off the metallic bismuth and excc^ss iron, wash with liot water, and return to 
the original beaker. Dissolve in a little hot hydrochloric acid and a few drops of 
bromine. When all the bismuth has dissolved, boil off the excess bromine and dilute 
until the solution is about 0.3 N in hydrochloric a(!id. Saturate this solution with 
hydrogen sulfide, filter, and wash with very dilute acid containing hydrogen sulfide. 
Return the sulfide precipitate to the beaker, and treat with hot 2 N sodium hydroxide 
and hydrogen sulfide, adding some fresh sodium cyanide solution if copper is present. 
Filter through the same filter, and wash with hot, dilute sodium sulfide solution. 
Spread the filter against the side of a beaker anil rinse off tlie pre{;ipitat(i of bismuth 
sulfide. Clean the paper with hot 6 N nitric acid and then discard it. Add more 
nitric acid to dissolve all the precipitate and evaporate the resulting bismuth nitrate 
solution until the sulfur has fused to a transpareiit globule. Do not use bromine 
at this stage or low results will be obtained. Filter off tlu? sulfur through a small filter 
and precipitate the bismuth as phosphate by the procedure described above. 


2. Determination of Bismuth as Basic Chloride, BiOCl 

To the hydrochloric acid solution, which must not contain any phos- 
phoric acid and preferably contains no sulfuric acid, add ammonia until 
further addition will cause precipitation. Dilute with considerable 
water, stir, and allow the precipitate to settle. To the clear super- 
natant solution add more water and repeat this treatment until further 
dilution causes no more precipitation. If nitric acid was present in the 
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solution use dilute ammonium chloride solution instead of pure water. 
Filter, wash with hot water, dry at 105°, and weigh. ^ 

3. Determination as Bismuth Oxide, Bi 203 

Solid bismuth nitrate or carbonate is readily changed to the oxide by gentle igni- 
tion. When bismuth, however, is present in solution as the nitrate, it should be first 
precipitated as the basic carbonate and this changed by ignition to the oxide. 

Procedure. Dilute the solution wdth water (if a turbidity appears it 
makes no difference) so that not more than 0.1 g of metal is present 
in 150 ml, add a slight excess of ammonium carbonate solution, heat to 
boiling, digest on the steam bath for 2 hours, and allow the precipitate 
to settle. Filter on paper and wash with hot water. 

If the precipitate is small, dissolve it in hot 3 N HNO 3 and evaporate 
the solution to dryness in a weighed crucible or dish. If the precipitate 
is large, dry the filter and its contents, transfer the greater part of the 
dried precipitate to a watch glass, and dissolve what remains on the 
filter paper as just described. After the evaporation to dryness, add 
the reserved precipitate. Heat gently at first and finally with the full 
heat of the Bunsen burner under good oxidizing conditions. Cool and 
weigh as Bi 203 . 


4. Colorimetric Determination 

Less than 0.5 mg Bi is best detected and determined by the yellow or amber color 
obtained by treatment with KI in dilute nitric acid. Copper, ferric iron, or anything 
that will react with potassium iodide to liberate iodine should be absent, and colored 
salts should not be present in quantities sufficient to color the solution. Interference 
of lead can be prevented by filtering off the Pbl 2 that forms, although large quantities 
of this yellow precipitate are likely to carry down some bismuth. 

Procedure. Transfer 20-30 ml of the solution to a Nessler tube, 
add 4 ml of 6 A HNO 3 , 1 ml of saturated SO 2 solution, 5 ml of 30 per 
cent potassium iodide, and water to make 50 ml. To another Nessler 
tube add 40 ml of water, the same quantities of nitric acid, sulfur dioxide, 
and iodide, and sufficient standard bismuth solution to make the colors 
match. Prepare the standard solution by dissolving 1 g of bismuth in 
25 ml of hot, 6 N HNO 3 and diluting the solution to exactly 1 1. After 
the determination, add starch indicator solution to both tubes to make 
sure that the colors are not caused by free iodine; if iodine is present the 
starch will be colored a deep blue. 

» Hillebrand and Lundell recommend determining bismuth as BiOCl when less 
than 5 mg of Bi is present and the following method for more than 5 mg of Bi. Anti- 
mony and tin must be absent in both methods. 
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5. Electrolytic Determination of Bismuth 

Brunck^ obtained accurate results in the electrolysis of solutions con- 
taining just enough nitric acid to prevent the formation of insoluble 
basic salt; the solution should not be more than 0.3 N in HNO3. Bmnck 
electrolyzed with platinum gauze electrodes connected directly to the 
poles of a 2- volt storage cell; before the electrolysis was started the 
solution was heated to boiling. Usually the metal deposited upon the 
cathode does not adhere well but is spongy even when the electrolyte is 
stirred. 


COPPER, Cu. At. Wt. 63.67 
Forms: CuO, CU 2 S, Cu, Cu 2 (CNS )2 
1. Determination as Copper Oxide, CuO^ 

The copper solution must be free from organic substances and am- 
monium salts. Heat it to boiling in a porcelain dish and add pure 
alkali hydroxide solution, drop by drop, until the precipitate becomes 
dark brown and is permanent, and the solution itself shows an alkaline 
reaction toward litmus paper. After the precipitate has settled, care- 
fully pour off the upper liquid through a filter and wash the precipitate 
by decantation with hot water until the wash water no longer shows an 
alkaline reaction. Transfer the precipitate to the filter and continue 
washing with hot water. Usually a small amount of copper oxide 
adheres to the porcelain dish so firmly that it can be removed only by 
vigorous nibbing with a glass rod covered at the end with a piece of 
rubber tubing, and finally when the precipitate is removed from the dish 
some will then remain on the rubber. Consequently it is better to 
proceed as follows: Remove as much of the precipitate as possible by a 
stream of water from the wash bottle, then add 2 drops of 6 N acid, and, 
by inclining the dish and rubbing with the glass rod, moisten with the 
acid all the precipitate remaining on the dish. Two drops of the acid 
are sufficient, with correct manipulation, to dissolve all the copper oxide. 
Prepare a small fresh filter, and holding the dish in an inclined position, 
so that the liquid remains near its lip, wash the sides once with hot water 
and heat the contents of the dish (which is continually maintained in 
this inclined position) to boiling over a small flame ; add dilute potassium 
hydroxide solution drop by drop until the copper is again precipitated. 
Avoid a large excess of alkali hydroxide on account of its solvent action 
upon the precipitate.^ Quickly pour the contents of the dish through the 


1 0. Bmnck, Ber., 36, 1871 (1912). 
*a. Vol. I. 
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small filter and immediately wash the dish once with water. All the 
copper oxide is now on the filter. Wash the precipitate with hot water, 
dry both filters, and transfer most of the precipitate to a porcelain cruci- 
ble. Ignite the filters in a platinum spiral, and add the ash to the con- 
tents of the crucible. Cover the crucible, ignite at first gently, and 
finally with the full heat of tlic Bunsen burner; weigh as CuO. If the 
process is carried out carefully, the results obtained are good but as a 
nile they are a trifle high. 

Remark. According to A. Bayer, ^ copper can he determined in the presence of 
all other metals of the hydrogen sulfide group in the following manner: Add caustic 
soda solution to the copper solution until all the copper is precipitat'd as hydroxide 
and then add enough RocIh'IIo salt (sodium potissiurn tartrate) to dissolve the 
j)recipitjite. Heat to boiling in a porc.<'lain dish, and to the boiling solution add 2 ml 
of fi per cent hydroxylamine hydrochloride. By boiling 1 minute all the copper 
(not more than 0.2 g should b(! present) is precipitated as cuprous oxide. 
/0CIIC02Na 

4CuC + 2NH./)H + H2O 2CU2O + 4KNaC4ll406 + N2O 

\()CHC()2K 

Filter off the cuprous oxide into a Gooch crucible, wash with hot water, dry, ignite 
in the air, and weigh as CuO. 

Usually it is Ix'tU^r to prcJcipitaU* tin' copper as sulfide, and if the sulfide is heated in 
tlu; air it is changc'd to ("uO although tlu^ older chemists prc'ferred weigh it as CU2S 
after heating with sulfur in an atmosphere of hydrogen (see next method). 

Procedure. Adjust the acidity of th(^ solution so that it is about 
0.3 N in HCd or 1 12804. Heat to boiling, and pass into it a stream of 
II 2S as th(' solution is allowed to cool. Wlu'u cold, stop the flow of the 
gas, allow the precipitate to settle, and filter through a paper filter. 
During the filtiation, k(‘ep the filter W(‘ll filled with liquid without, of 
course, letting it rise abov(^ the top of the tightly fitting ashless filter. 
Wa.sh the OuS prc'cipitate with 4 per cent accdic acid solution which has 
been saturated with HjS. Finally diain as compleU'ly as possible, 
place paper and pr(‘cipit,ate in a weighed i)orcelain crucible, dry over a 
small flame, and char the paper without letting it take fire. Then burn 
off the carbon and raise the temp(U’ature to the full heat of the burner 
while keeping the criudble on its side and with the flame not covering 
tlui mouth of tlie crucible. Cool in a d(‘siccator and weigh as CuO. 
Repeat the heating and weigliing until a constant weight is obtained. 

The roa.son why it is necc.ssary to keep the funm'l filled with liquid during the 
filtration and washing of the cupric sulfide is this: If moist copper sulfide is exposed 
to the air it is quickly oxidized and the hydrogen sulfide wash water acts upon the 
salt formed by the oxidation (CuS203‘CuiS04), and transforms it into colloidal cupric 
sulfide, which passes through the filter, and on coming in contact with the acid fil- 


1 Z. anal. Chem.f 1912 , 729. 
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trate is coagulated. If, however, the precipitate is not exposed to the air during 
the filtration there is no oxidation and the filtrate remains clear. 

2. Determination as Cuprous Sulfide, CU 2 S 

Procedure. Precipitate the copper with ILiS as just described. 
Dry it by heating in the drying closet at 90-100® for at least an hour. 

Transfer as much of the precipitate as possible to a weighed Rose 
crucible (of unglazed porcelain*), burn the filter in a platinum spiral, 
and allow the ash to fall at first u|)on an unglazi'd crucible cov('r, where 
it should be heated gently till it glows, in order to make sure that it con- 
tains no unbiirncd carbonaceous 
matter. Then add the ash to the 
main portion of the precipitate in 
die crucible. Also add a little sulfur 
that has been rccrystallized from 
carbon bisulfide. Place the pcrfor- 
ited cover on the crucible (Fig. 23), 
lass a stream of hydrogen through 
t (the wa.sh bottle shown contains 
joncentrated sulfuric acid^), and 
leat the cmcible at first over a 
5mall flame and finally so that the 
lottom of the crucible glows faintly. 

this temperature tlui cupric sul- 
ide is changed to cuprous sulfide, 

JCuS = CU 2 S + S. 

Too strong heating is inadvisable, 
iccording to Hampe.^ 

Wlien the excess of sulfur has been driven off (which can be readily 
iscertained by removing the cover of the crucible and finding no blue 
iame and no odor of burning sulfur), increase the current of hydrogen 
50 that eight bubbles per second pass through the wash bottle (at first, 
lot more than four bubbles per second should have been the rate), and 
'emove the flame. Allow the crucible to cool in the current of hydrogen 
ind weigh after it has remained in the desiccator for 15 minutes. The 
mprous sulfide should be brownish black or black, and should show no 

^ A quartz crucible is more desirable, as the transformation of CuS into CU 2 S 
:an then be watched. 

2 If the hydrogen is prepared from zinc and hydrochloric acid, the gas should be 
)assed first through water and then through a wash bottle containing concentrated 
lulfuric acid. 

anal. Chem., 38 , 465 (1894). 
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reddish brown stains (due to Cu or CU 2 O) ; this is the case if the current 
of hydrogen was too slow during the cooling. To remedy this defect, 
add a little sulfur to the precipitate and repeat the heating in hydrogen. 

Remark. It is evident that the sulfur used for this experiment should leave on 
ignition no weighable residue. This is why the sulfur used should be recrystallized 
from carbon bisulfide. 

3. Determination as Cuprous Thiocyanate, Cu 2 (CNS )2 
Method of Rivot^ 

The solution should be slightly acid with sulfuric or hydrochloric acid 
and contain 0.2 g or less of copper in 100 ml. Oxidizing agents must 
be absent. To the solution add an excess of sulfurous acid,^ and nor- 
mal ammonium thiocyanate solution, drop by drop with constant stir- 
ring, whereby at first a greenish mixture of cupric and cuprous salts is 
precipitated, which after stirring becomes pure white cuprous thio- 
cyanate. Allow the precipitate to settle completely (this requires 
several hours). Then filter through a weighed filtering crucible and 
wash with cold water until the filtrate shows only a slight reddish colora- 
tion when ferric chloride is added. Finally wash several times with 20 
per cent alcohol, dry at 110-120®, and weigh as Cu 2 (SCN) 2 . The 
cuprous thiocyanate can be dried at a temperature as high as 160®, 
but at 180® it begins to decompose. The precipitate permits rapid 
filtration, and a turbid filtrate is never obtained. After the determina- 
tion is finished, the greater part of the precipitate can be shaken out of 
the crucible, and the remainder dissolved in hot nitric acid. 

4. Electrolytic Determination of Copper 

This most accurate and most convenient of all methods for the determination of 
copper was first proposed by W. Gibbs in 1864.* Copper may be deposited by means 
of the electric current from acid, alkaline, and neutral solutions, but for analytical 
purposes an acid solution is commonly used. 

Probably no other element is determined so frequently by electrolysis and good 
deposits can be obtained under widely different conditions. The elements arsenic, 
antimony, tin, molybdenum, gold, the platinum metals, silver, mercury, bismuth, 
selenium, and tellurium should all be absent. If lead is present the electrolysis should 
take place in the presence of nitric acid; if considerable nitric acid is present the lead 
is deposited first on the anode, and later, after the solution has been somewhat 


» Compt. rend., 38, 868; see also R. G. van Name, Z. anorg. Chem., 26, 230, and 
Busse, Z. and. Chem., 17, 53, and 30, 122. 

* Instead of sulfurous acid, ammonium bisulfite may be used, prepared by saturat- 
ing aqueous ammonia with SO 2 . 

»Z. and. Chem., 3, 334 (1864). 
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neutralized or diluted, the copper comes down on the cathotle. In dilute nitric 
acid, the two elements are deposited simultaneously. When copper alone is desired, 
the best deposits are obtained when the electrolyte contains both nitric and sulfuric 
acids. 

Procedure. To 100-125 ml of solution containing up to 1.0 g of copper 
in a 150-ml beaker add 2 ml of concentrated sulfuric acid and 1 ml of 
concentrated nitric acid. Add about 1 g of urea, or more if necessary, 
to react with any nitrous acid present: 

2HNO2 -f C0(NH2)2 = 2N2 + C()2 + 3H2O 

Add the urea until it causes no further evolution of gas. Use preferably 
cylindrical gauze electrodes with the cathode surrounding the smaller 
anode and at least 5 mm away from it. The cathode should reach to the 
bottom of the beaker, but it should not be entirely immersed in the 
electrolyte. Electrolyze with a current of 1. 8-2.0 amperes with the 
anode rotated during the electrolysis; all the copper should deposit in 
less than an hour. With an unstirred electrolyte, use a current of 0.2 
ampere and continue the electrolysis over night. To make sure that 
the electrolysis is finished, add a little water, so that a fresh surface of 
the cathode is wet by the solution, and note whether any fresh deposit of 
copper is formed. Then, without turning off the current, raise the 
electrodes, or lower the beaker, while washing the electrodes with a 
stream of water from a wash bottle. To make sure that all acid is 
removed, immerse the electrodes in water and then in alcohol. Dry for 
a minute or two at 105° and weigh. It is easy to tell by watching the 
electrode when all the alcohol has evaporated. After the electrolysis 
make the solution ammoniacal and look for a blue coloration. If there 
is any sign of blue color, and nickel is absent, make the solution slightly 
acid with sulfuric acid and electrolyze a little longer with a clean cathode. 

The results should bo within 0.1 per cent of the truth. If nickel is present, test 
for residual copper by means of water saturated with H 2 S. If a slight darkening is 
obtained in this test, the quantity of copper can usually be estimated colorimetrically 
or the CuS precipitate can be filtered off, ignited in a porcelain crucible, the ash 
dissolved in a little HNO3, and the resulting solution electrolyzed with a clean cath- 
ode. During the electrolysis, do not stir the solution fast enough to cause spattering. 
It is well to wash down the sides of the beaker toward the last. The use of a clean 
cathode is recommended for determining the last portions of copper when the original 
deposition was incomplete, because it is then easy to tell whether more copper is 
being deposited. 
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Cadmium, Cd. At. Wt. 112.4 
Forms: Cd, CdS 04 , CdO and Cd 2 P 207 
1. Electrolytic Determination of Cadmium 

Of all the methods for the determination of cadmium the electrolytic 
method is not only the most convenient, but by far the most accurate, 
and of the many methods proposed that of Beilstein and Jawein^ can 
be recommended. To the solution of the sulfate, add a drop of phe- 
nolphthalein indicator solution, and then pure sodium hydroxide solu- 
tion until a permanent red color is obtained. Now add 10 per cent 
pure potassiiun cyanide solution with constant stirring, until the pre- 
cipitate of cadmium hydroxide produced by the caustic soda has com- 
pletely dissolved; an excess of potassium cyanide should be scrupulously 
avoided. Dilute the solution with water to 100-150 ml and electrolyze 
in the cold, using a gauze cathode. From 5 to 6 hours are required with a 
current of 0.5-0. 7 ampere and an electromotive force of 4.8-5 volte; at 
the end of this time increase the current to 1-1 .2 amperes and electrolyze 
the solution for 1 hour more. If these directions are followed, all the 
cadmium (if not more than 0.5 g is pn^sent) will be deposited as a firmly 
adhering, dull deposit of nearly silver-white metal. Stop the current, 
quickly remove the solution, and wash the deposited metal first with 
water, then with alcohol, and finally with ether. Dry in the usual way 
and weigh. 

After the electrolysis is finished, the sohition should always be tested 
for cadmium. For this purpose, saturate it with hydrogen sulfide. 
If much cadmiiim is present, a yellow precipitate is obtained, but if 
very little, a yellow coloration results. This color, due to the for- 
mation of colloidal cadmium sulfide, is so intense tliat R. Philipp esti- 
mates the quantity of cadmium not precipitated by comparing the 
shade with that produced in a solution containing a known quantity of 
cadmium and the same amounts of potassium cyanide and caustic 
potash as in the solution tested. 

Remark. If for the electrolysis a current of only 0.5 ampere is used, not all the 
cadmium will be deposited at the end of 12 hours; if the current is increased at the 
end to 1 ampere, however, the electrolysis will surely be finished in 6 or 7 hours. 
To work with the stronger current from the beginning is not to be recommended 
unless a gauze cathode is used, or one of the electrodes is rotated, for otherwise the 
metal is deposited in a spongy form and on washing some of it is likely to be lost. 

From neutral and weakly acid solutions, cadmium can be deposited electrolytically, 
but not from strongly acid solutions. 


iRer., 12 , 446. 
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2. Determination as Cadmium Sulfate, CdS 04 

Next to the electrolytic method, the determination of cadmium as 
sulfate is the best. If the cadmium is combined with a volatile acid, 
treat the compound in a weighed porcelain crucible with a slight excess 
of dilute sulfuric acid, evaporate the solution on the water bath as far as 
possible, and finally remove the excess of sulfuric acid by heating in an 
air bath (see p. 31). Apply the heat at first slowly, and raise the 
temperature gradually until finally no more fumes of sulfuric acid are 
evolved. The outer crucible can even b(^ heated with tlu' full flame of a 
Teclu burner without running any risk of decomposing the cadmium 
sulfate; however, it is not necessary to heat it so strongly. As soon as 
the fumes of sulfuric acid cease to come off, stop heating and weigh the 
crucible and its contents after cooling in a desiccator. The cadmium 
sulfate should be pure white and should dissolve in water to form an 
absolutely clear solution. 

If the cadmium has been prf;cipitat(‘d from a solution as the sulfide, 
place the greater part of the pre(npitate in a large porcelain crucible, 
cover with a watch glass, and treat with 3 N hydrochloric acid on the 
water bath. After the precipitate has dissolved and the evolution of 
hydrogen sulfide has ceased, wash the lower sidi^ of tlu^ watch glass, 
place the crucible under the funru^l, and dissolve the precipitate which 
adhered to the filter paper by dropping hot, 3 N hydrochloric acid upon 
it. Finally wash the filter with hot water and (wafiorate the solution 
upon the water bath, cont inning as di'scribed above. 

3. Determination as Cadmium Oxide, CdO 

Cadmium carbonate and cadmium nitrate can be changed to the 
oxide by strong ignition. 

To the dilute, boiling cadmium solution add a slight excess of potas- 
sium carbonate, and when the precipitate has (‘ompletely settled after 
standing for some time on the water bath, filtc^r it off, wash with hot 
water, and dry. Transfer as much of the dried precipitate as possible 
to a watch glass and set aside for the time being. Wash the filter with 
hot 2 N nitric acid to dissolve the precipitate which still adheres to it, 
and receive the solution in a weighed porcelain crucible. Evaporate 
to dryness, add the main portion of the precipitate, and heat the cru- 
cible at first very gently until the whole mass has become a uniform 
brown. Now gradually raise the temperature until finally the full 
heat of the burner is reached. It is important during this operation to 
take care that the inner flame mantle does not touch the crucible, for 
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otherwise reducing gases may enter and reduce a part of the oxide 
to metallic cadmium, which is volatile at this temperature.^ The 
cadmium oxide is obtained as a brown powder which is infusible, 
insoluble in water, but readily soluble in dilute acids. ^ 

Remark. It is not advisable to precipitate the cadmium by means of sodium car- 
bonate solution, for then it would be difficult to wash the precipitate free from alkali. 

4. Determination of Cadmium as Cadmium Pyrophosphate® 

The cadmium solution used for this method of analysis should not 
contain ammonium salt other than the reagent and should be faintly 
acid. If considerable acid is present, neutralize with sodium carbonate 
solution. 

To the cold, faintly acid solution containing not over 0.2 g of cad- 
mium in 100 ml, add a concentrated aqueous solution of (NH 4 ) 2 HP 04 
until the weight of added salt is 10-15 times as great as that of the cad- 
mium present. Allow to stand for 12 hours to permit the amorphous 
precipitate to become crystalline. Filter through a filtering crucible; 
wash with cold 1 per cent ammonium phosphate solution and finally 
with 60 per cent alcohol. Heat in an electric oven at 800-900° and 
weigh as Cd 2 P 207 . 

SEPARATION OF THE SULFO BASES FROM THE METALS OF 
THE SUBSEQUENT GROUPS 

Hydrogen sulfide added to a solution which is 0.3 N in acid precipi- 
tates only the metals of the hydrogen sulfide group.” It is to be 
noted that zinc precipitates with this group if the solution is not acid 
enough, while if the solution is too acid, lead and cadmium are often 
incompletely precipitated. The following analyses show how the pre- 
cipitation as sulfide can often be avoided. 

Example 

Analysis of Brass (Alloy of Copper and Zinc Sometimes Containing 
Small Amounts of Tin, Lead, Iron, and Nickel) 

Weigh out 0.4-0.5 g of the alloy into a 200-ml casserole^ and dissolve 
in 20 ml of 6 A nitric acid. Cover the casserole with a watch glass to 

^ If the cadmium carbonate is filtered into a Munroe crucible, and ignited in an elec- 
tric oven, the transformation takes place readily without danger of any volatilization. 

* The oxide after ignition is a black, crystalline powder. 

* Miller and Page, Z. ariorg. Chem., 28, 233 (1901). 

* The borings are often somewhat oily. They should then be washed with ether 
and dried before weighing. 
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prevent loss by spattering. After the reaction begins to slacken, 
heat on the water bath until all the metal is dissolved. Evaporate the 
solution just to dryness, moisten the residue with a little nitric acid, 
dissolve in about 50 ml of hot water, and if any metastannic acid settles 
out on standing filter it off, wash with hot water, dry, and determine the 
tin according to p. 94. To the cold filtrate add 3 ml of pure, concen- 
trated sulfuric acid, evaporate the solution on the water bath as far as 
possible, and then heat cautiously over a free flame until dense white 
fumes of sulfuric acid are evolved. Cool, treat the residue with 50 ml 
of water and 15 ml of alcohol, stir well, filter, wash, and determine the 
lead sulfate according to p. 59. Evaporate the filtrate until the alco- 
hol is completely removed, dilute with 100 ml of water, heat the solu- 
tion to boiling, and conduct hydrogen sulfide into it until it becomes 
cold. Then filter off the copper sulfide, wash first with hydrogen sulfide 
water containing, in every 100 ml, 20 ml of 2 A sulfuric acid, and at the 
end with 5 per cent acetic acid, also saturated with hydrogen sulfide, 
until the filtrate gives no precipitate on being treated with barium 
chloride. Heat the filter paper and CuS precipitate in a porcelain 
crucible until all the paper is consumed and the sulfide oxidized to CuO. 
Dissolve this in a little 6 N HNO 3 , dilute, and electrolyze the resulting 
solution (p. 69). 

Evaporate the filtrate from the copper sulfide to a small volume in 
order to remove the excess of hydrogen sulfide, oxidize the iron by the 
addition of bromine water, precipitate by ammonia, and filter. To 
make sure that the precipitate of ferric hydroxide contains no zinc, 
redissolve it in a little hydrochloric acid and repeat the precipitation 
with ammonia. Filter, wash, ignite, and weigh as ferric oxide (cf. p. 152). 

Make the combined filtrates from the ferric hydroxide acid with a 
little sulfuric acid, heat to about 50® C, and determine the zinc as 
zinc sulfide according to the “ salting-out method described on p. 216. 
For the determination of nickel, boil the filtrate from the zinc sulfide 
to expel the hydrogen sulfide and precipitate the nickel as the salt of 
dimethylglyoxime according to p. 193. 

Determination of Copper, Lead, and Zinc in Brass 

The best brass alloys contain very little tin, lead, iron, or nickel. In commercial 
laboratories, often the copper and lead contents are determined electrolytically and 
the zinc is determined by difference, that is, by subtracting the percentages of copper 
and lead from 100 per cent. 

The following method of analysis, however, provides for the determination of 
copper, lead, tin, iron, and zinc and is capable of giving accurate results. 
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Wei^ 0.9 1.0 g of the alloy into a slender beaker of about 150-ml 

gently till all the br^ is dissolved. If a clear solution is obtained, no 
tin 18 present, and the solution after dilution is ready for electrolysis. 



Fig. 24. 


of water, and ,k,U ,e„t,y to dial: tifo 1 1 
— „„.e acid, waah it with hot water, ignite in a po^rEtueil 

1 Smi? the nitrates to 100 ml and boil gently for 

hit * down the .sides of the 

beaker and the cover glass, allow to cool a little, and then cautiously add 

small portions of solid urea until there is no more evolution of gas- 
2HNO, + CO(NH,), = 3H,0 + CO, + N, 

Attach the weighed gauze electrodes to the binding posts of the elec- 
trolytic apparatus, put the beaker in place. Make sure that the cathode 
th the bottom of the beaker and that the anode can rotate freely 
side the cathode. Turn on the stirrer and turn the switch with the 
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rheostat adjusted to give a current of 1. 8-2.0 amperes. After the solution 
has become colorless, continue the electrolysis 10 minutes longer. The 
electrolysis ought not to require more than 45 minules at the most. 

Wash the electrodes while lowering the beaker and while the current 
is still flowing. Dip them in alcohol and dry a very short time in the hot 
closet at 105°. The deposit on the cathode is pure copper, and that on 
the anode is lead dioxide, Pb02. 

To make sure that all the copper has been deposited, adtl a slight 
excess of ammonia to the entire solution. If a blue color is noticeable,* 
make acid with dilute sulfuric acid and electrolyze with clean electrodes 
until all the copper is removed. 

The electrolysis can take place without stirring. In this case use 0.15 
ampere of current and electrolyze over night. 

Test for Iron and Aluminum 

To the electrolyzed solution add a little bromine water, to make sure 
that any iron is in the ferric condition, and enough ammonia to dissolve 
the zinc hydroxide pre(;ipitatc that may form at the neutral point. If 
any precipitate of ferric or aluminum hydroxide forms, filter it off. To 
make sure that no zinc hydroxide is in the precipitate, redissolve the 
precipitate in a little hot 2 N hydrochloric acid, dilute to 50 ml, and 
precipitate again by adding ammonia. Ignite and weigh the |)recipitate 
as Fe203. If there is any likelihood of aluminum being present, examine 
the ignited oxides as described on p. 169. 

Determination of Zinc 

Procedure. To the cold acid solution of the zinc salt add ammonium 
hydroxide until the solution is barely acid to methyl orange. Care is 
necessary at this point, as zinc ammonium phosphate is soluble both in 
acids and in ammonia. Sometimes nitrous acid which is present decom- 
poses the indicator and makes it difficult to tell the methyl orange color 
change. Make sure that the neutralized solution has no appreciable 
odor of ammonia, after blowing away the fumes. Dilute with water, if 
necessary, to a volume of 150 ml, and heat on the water bath. To the 
hot solution add 3 g of (NH4)2HP04 dissolved in a little water. The 
precipitate that first forms is amorphous and does not settle out, but it 
soon changes to finely crystalline ZnNH4P04 which settles well and 
leaves a clear supernatant liquid. The traasformation takes place more 

‘ A pale blue color may indicate the presence of nickel but usually is caused in 
brass analysis by a little copper which has escaped deposition. 
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rapidly in proportion to the quantity of ammonium salt present. After 
the heating has continued for about 15 minutes, remove the dish from 
the water bath, and when the precipitate has settled for a short time 
filter off the precipitate into a weighed filtering crucible, wash 6 times 
with hot 1 per cent ammonium phosphate solution, then twice with cold 
water, and finally with 50 per cent alcohol. Dry at 100-135° for an 
hour and weigh as ZnNH 4 P 04 , which contains 36.64 per cent Zn. The 
precipitate can be washed and dried with alcohol and ether if desired 
(cf. p. 83). 

The precipitate can also be weighed as the pyrophosphate, Zn 2 P 207 , 
in which case it is desirable to heat the dried zinc ammonium phosphate 
very slowly in an electric oven to 900-1000°. If such an oven is not 
at hand place the filtering crucible in a larger crucible and heat over 
the gas flame. Gradually raise the temperature until finally the full 
heat of the Teclu or M4ker burner is reached. Heat to constant weight 
after cooling in a desiccator. Before using the filtering crucible, it 
must be heated, cooled, and weighed in the same way. Zn 2 P 207 contains 
42.90 per cent Zn. 

Test the filtrate from the ZnNH 4 P 04 precipitate with ammonia and 
ammonium sulfide. If a small precipitate of white zinc sulfide is formed, 
filter it off, using an ashless paper filter, ignite in a porcelain crucible, 
and weigh as ZnO. No sulfide precipitate will be formed if the above 
conditions have been followed carefully. 

Titrimetric Determination of Lead in Brass 

Dissolve 5 g of brass in 50 ml of 6 A HNO3. (If an appreciable quantity of 
metastannic acid separates and gives a turbid solution, remove it as directed on 
p. 74.) To the solution add 15 ml of 18 N H 2 SO 4 and evaporate on the hot plate, 
without boiling, until fumes of H 2 SO 4 are evolved. Allow to cool, carefully wash 
down the sides of the beaker, and again evaporate to fumes. Do not cover the 
beaker tightly during the evaporation because, if water condenses on the bottom of 
the watch glass and later drops into the hot acid, there will be spattering. After all 
nitric acid has been expelled by this double evaporation, cool, add 100 ml of water, 
mix well, add 30 ml of alcohol, and allow to stand at least 1 hour. Filter through 
a paper filter and wash the precipitate of PbS 04 with 0.7 per cent ammonium sulfate 
solution or with 1.8 A H 2 S 04 . 

With the aid of the wash bottle, transfer as much of the precipitate as possible to 
a 300-ml beaker, replace the funnel, and, with the 300-ml beaker under it, dissolve 
the PbS 04 on the filter in not more than 25 ml of hot 3 N ammonium acetate solution 
as follows: Pour about 5 ml of hot acetate solution upon the upper part of the filter 
and wash with about 10 ml of hot water from the wash bottle. Repeat this treat- 
ment three times. Then treat with another portion of ammonium acetate solution 
and test the filtrate that now runs through the filter with a few drops of K 2 Cr 04 
solution. If a precipitate forms, save it and continue the treatment with ammonium 
acetate solution and hot water until a negative test is obtained. 



DETERMINATION OF COPPER IN IRON AND STEEL 


77 


Make the ammonium acetate solution acid with about 2 ml of 6 AT acetic acid, heat 
to boiling, and add 5 ml of 5 per cent K 2 Crj 07 solution. Boil gently for 5 minutes, 
filter, and wash 10 times with hot water. The last washings should show no yellow 
color. Place a clean beaker under the funnel and dissolve the PbCrOi in 12-15 ml of 
cold 6 N HCl added in small portions and with intermediate washing with water. The 
acid must be cold to avoid reducing some of the chromic acid to chromic salt. All 
yellow color must be removed from the filter, but it does no harm if some white 
PbCL remains. Continue washing until about 100 ml of filtrate has been collected. 
Add to the solution 2 g of KI, and titrate the liberated iodine with standardized 
Na2S208 solution. One milliliter of 0.1 AT Na 2 S 20 > = 0.006907 g Pb. 

Determination of Copper in Iron and Steel 

Dissolve 10 g of sample in 200 ml of 3.6 N sulfuric acid and when 
the metal is dissolved dilute to at least 500 ml with water. Heat 
to boiling and saturate with hydrogen sulfide. Filter on paper or paper 
pulp and wash a few times with a 1 per cent sulfuric acid solution sat- 
urated with hydrogen sulfide. Ignite the residue and paper in a por- 
celain crucible and fuse with 2 to 4 g of alkali pyrosulfate. Dissolve 
the cooled melt in the crucible in 25 ml of 1.2 N hydrochloric acid and 
a few milliliters of water, neutralize with 5 per cemt sodium hydroxide, 
and add 0.3 ml in excess. Boil for 3 minutes; digest for 30 minutes, 
filter and wash with cold 0.2 N NaOH solution. Reserve the filtrate 
for the determination of molybdenum. 

Dissolve the precipitate in 15-25 ml of hot 4 N HNO 3 and wash the 
filter paper with hot water. Add 5 ml of concentrated sulfuric acid, 
evaporate to fiunes of sulfuric acid, cool, dilute to 40 ml, and add 10 ml 
of 15 N ammonium hydroxide. This serves to precipitate any iron, 
chromium, aluminum, etc., and leaves the copper in solution as blue 
copper-ammonia complex. If there is more than 4 mg of precipitate, 
dissolve it in 10 to 25 ml of hot 4 N HNO 3 and repeat the treatment with 
ammonia. Filter and combine the two ammoniacal filtrates. The 
further treatment depends on whether the copper is to be determined (a) 
by electrolysis or (b) as oxide. 

(a) Transfer the ammoniacal solution to a 150-ml beaker; neutralize 
with 6 N H 2 SO 4 and add 10 ml in exceas. Also add 1 g of NH 4 NO 8 , 
dilute to 100 ml, and electrolyze with a current of about 0.5 ampere, 
preferably with stirring. Continue the electrolysis until a few drops of 
the electrolyte give no darkening with a little H 2 S water. Remove and 
weigh the electrodes as described on p. 69. 

(b) Neutralize the ammoniacal filtrates with 6 N H2SO4 and a<Jd 5 ml 
in excess. Heat to boiling, and saturate with H 2 S as the solution cools. 
Digest for about 15 minutes, filter, wash, ignite, and weigh as CuO as 
described on p. 66. 
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Remark. If the steel contains tungsten, tungstic acid will separate out from the 
original solution and will carry some copper down with it. With tungsten steels the 
following procedure should be used. 

Dissolve 10 g of steel in 100 ml of 6 iV HCI. To the solution add 25 ml 
of 6 A HNO3 and boil until the separated tungstic acid, H2WOS, is yellow. Dilute 
to 150 ml with boiling water. After a few minutes filter and wash the residue with 
1.2 A HCI. Examine both filtrate and precipitate for copper. 

Dissolve the precipitate in hot A NaOH solution, To the solution add 5 g of 
tartaric acid and suffi(!ient 6 A H2SO4 to make the solution about 0.3 A in free 
H2SO4. Heat the solution and precipitate with H2S as described above. 

To the filtrate! from the first filtration, add 10 ml of concentrated 112804 and 
evaporate until fumes of 8O3 are evolved. Cool, heat to boiling, and filter if neces- 
sary, finally washing with 2 A H2SO4. To the solution add tartaric and sulfuric 
acids as above and precipitate the copper with H^S. 

Analyze the combincnl CuvS precipitates as described for steels containing no 
tungsten. 


SEPARATION OF THE SULFO BASES FROM ONE ANOTHER 

1. Separation of Mercury from Lead, Bismuth, Copper, 
and Cadmium 

Method of Gerhard v. Rath 

Principle. This separation is bas(*d upon the insolubility of mercuric sulfide 
in boiling 0 A nitric acid and the solubility of the remaining sulfides in this acid. 

Procedure. TIk^ soluti(3ii must contain the niorcury entirely in the 
mercuric form and should be 0.3 in hydrochloric or sulfuric acid. 
Into the hot, fairly dilute solution introduce hydrogen sulfide in excess. 
Filter ofY the precipitate, wash it with hydrogen sulfide water, transfer to 
a porcelain dish, and boil for a considerable length of time with 6 N 
nitric acid. Th(‘n dilute with a little water and wash with water con- 
taining nitric acid. The residue of mercuric sulfide thus obtained always 
contains sulfur, and if considerable lead was present it may also con- 
tain lead sulfate. Dissolve it, therefore, in a little aqua regia, dilute 
with water, filter from the separated sulfur and lead sulfate, and pre- 
cipitate the mercury with ammonium sulfide (cf. p. 54) according to 
the method of Volhard. If some of the lead sulfate should go into 
solution with the mercury on treating with aqua regia, it will be con- 
verted by the ammonium sulfide and potassium hydroxide into insol- 
uble lead sulfide, while the mercury will be in the form of its soluble 
sulfo salt. In this event filter off the lead sulfide, wash with dilute 
potassium hydroxide solution, and precipitate the mercury as sulfide, 
as described on p. 54. 
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2. Separation of Bismuth from Lead 

(a) Method of Lowe^ 

Principle. Bismuth nitrate is changed by the action of water into an insolui)lc 
basic salt, but lead nitrate undergoes no such transformation. 

Procedure. Evaporate the nitric acid solution of these two metals 
on the water bath until it reaches a sirupy consistency. Add water, 
and after thorough stirring with a glass rod repeat the evaporation 
and continue this treatment until the addition of the water fails to pro- 
duce any further turbidity, a sign that the bismuth has Ikm'u com- 
pletely conv('rted into the basic salt Bi 202 N() 301 I. Add 100 ml of a 
cold 2 per cent ammonium nitrate solution, and after standing some time, 
with frequent stirring to mak(‘ sure that the l(‘ad nitrate is completely 
dissolved, filter the solution. Wash the ju'cHUpitate with the dilute 
ammonium nitrate solution and dry. Transf(*r as much of it as possible 
to a weighed {)orcelain crin^ible, burn tlu^ filter and add tin; ash to the 
crucible, and ignite to a constant weight of liiiOs. 

From the filtraU3 precipitate the lead as sulfate, according to p. 58, 
and weigh as such. 


(6) M ethod of Ledoux^ 

To 100 ml of the dilute nitric acid solution, add 6 N NIEOH drop- 
wise from a buret until a faint opal(\scence appeals. Then add 1 cc of 
3 N HCl, dilute to 300 ml, and heat just to boiling. Allow to stand on 
the steam bath for 2 hours or in a warm place ov(*r night. Fill er off the 
precipitate of Bi()Cl,and possibly HbOCd and a little Pb( di, and Wash the 
precipitate twice with boiling water. Dissolve it in a litth; 3 N HCI, 
and to the solution add an amount of watc'r about 30 tilings as large 
as the amount of the acid used. If a precifiitaU; app(‘ars on dilution, 
pay no attention to it. Saturate with hydrogem sulfide and filter off 
the Bi 2 Sa precipitate, which may contain Sb 2 S 3 and a little PbS. Wash 
this precipitate once with water, twice with hot, diluted ammonium 
sulfide reagent to remove antimony, and then with more water. Dis- 
solve the precipitate in a little hot 3 N HNO 3 , washing the filter paper 
with this acid and finally with hot water. Dilute and reprecipitate 


1 J. prakt. Chem., 74t, 345 (1858). Cf. Little and Cahen, Analyst^ 36, 301. 

* A. H. Ix)w, Technical Methods of Ore Analysis, Hillebrand-Lundell, Applied 
Inorganic Analysis. 
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the BiOCl exactly as described above. Dry at 100°, and weigh 
as BiOCl. 


3. Separation of Bismuth from Copper 

To the dilute solution add an excess of ammonium carbonate solution, 
heat gently, and filter. The precipitate of basic bismuth carbonate 
almost always contains small quantities of copper; redissolve it in 
nitric acid and repeat the separation by means of ammonium carbonate. 
Fuse the basic bismuth salt with potassium cyanide, leach with hot 
water and treat the residual bi.smuth according to p. 63. 

For the copper determination, combine the two filtrates, evaporate 
to remove the excess of ammonium carbonate, make acid with sulfuric 
acid, and precipitate the copper by means of hydrogen sulfide. Weigh 
the copper as cuprous sulfide according to p. 67, or electrolyze the sul- 
furic acid solution as described on p. 69. 

According to Fresenius and Haidlin, bismuth can be separated from 
copper very satisfactorily by means of potassium cyanide. For this pur- 
pose, treat the acid solution with a slight excess of sodium carbonate, add 
potassium cyanide, heat the solution, and filter. All the copper is 
found in the filtrate, while the precipitate contains bismuth oxide con- 
taminated with alkali. Dissolve the residue, therefore, in nitric acid, 
precipitate the bismuth by means of ammonium phosphate, and deter- 
mine as phosphate according to p. 63. Evaporate the filtrate containing 
the copper with nitric acid, to destroy the cyanide, and determine 
copper electrolytically according to p. 69. 

Another method of carrying out the separation of bismuth from copper 
by means of KCN is to heat a mixture of the freshly precipitated sul- 
fides with a solution of 3 to 4 g of KCN in a little water. Bi 2 S 8 remains 
undissolved. ^ 

4. Separation of Lead from Copper by Means of Electrolysis 

This separation depends upon the fact that the electric current deposits lead 
quantitatively as PbOj upon the anode from solutions containing considerable nitric 
acid, while the copper is either not deposited at all under these conditions or is 
found upon the cathode to some extent. After the lead is completely deposited, 
the copper solution is poured into a second weighed platinum dish, the excess of the 
acid is neutralized with ammonia, and the solution is again electrolyzed. The copper 
will now deposit quantitatively upon the cathode. The procedure has already been 
described (cf. pp. 62 and 69). 


1 A. H. Low, Technical Methods of Ore Analysis. 



SEPARATION OF COPPER FROM CADMIUM 


81 


5. Separation of Lead from Copper and Cadmium 

(From Bismuth Less Satisfactorily) 

To the solution of the nitrates or chlorides add an excess of sulfuric 
acid, evaporate to remove the nitric or hydrochloric acid, and determine 
the lead as sulfate as described on p. 58. 

6. Separation of Copper from Cadmium 

(a) By Electrolysis 

The solution should contain not more than 0.2 g of cadmium. To 
the neutral solution add 10 ml of 6 nitric acid, dilute to 150 ml in a 
platinum dish, and electrolyze with the dish as cathode. Adjust 
the anode, a disk electrode, so that it dips into the liquid only a short 
way. Under these conditions, 0.2 g of copper is deposited, perfectly 
free from cadmium, within 12-14 hours by a current of 0.2-0.3 ampere 
at a voltage of 1.9-2. 3 volts. With a current of 1-1.5 amperes and 
2.5-2.6 volts electrode potential, the copper is deposited in about 5 
hours. When the deposition is complete, siphon off the solution while 
pouring pure water into the dish without breaking the current. Finally 
rinse the dish with alcohol, dry, and weigh with the deposited copper. 
Add a little sulfuric acid to the solution, evaporate to expel the nitric 
acid, cool, dilute, and electrolyze the cadmium from cyanide solution as 
described on p. 70. 

Remark. If considerably more than 0.2 g Cd is present in 150 ml of the solu- 
tion, there is danger of small amounts of cadmium separating out upon the copper 
during the washing of the deposit, especially if the anode extends well into the 
solution. This is because the concentration of the acid becomes less during the 
washing. In analyzing a solution containing a large amount of cadmium and small 
amount of copper, therefore, it is best to wash at first with 2 per cent nitric acid 
rather than with distilled water. 

The separation requires but a few minutes with a rotating anode or cathode, and 
a stronger current. 

F. Foerster recommends the following conditions for an electrolytic separation 
of copper and cadmium: Electrolyte: 100 ml of 2 iV sulfuric acid. Electrodes: 
a large platinum gauze electrode as cathode and a smaller one as anode. Connect 
the electrodes directly with the terminals of a single storage cell so that the voltage 
is kept constant throughout the electrolysis. After 60-90 minutes 0.2 g of copper 
will be deposited completely. Remove the cathode in the usual way (p. 69), 
neutralize the solution with potassium hydroxide solution, add potassium cyanide, 
and electrolyze for cadmium according to directions on p. 70. 

(b) Method of RivoURose 

Precipitate the copper as thiocyanate according to p. 68, and in 
the filtrate precipitate cadmium as sulfiide and determine as sulfate 
according to p. 71. The results are good. 
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(b) ELEMENTS THAT FORM SULFIDES INSOLUBLE IN DILUTE MINERAL 
ACIDS BUT SOLUBLE IN SOLUTIONS OF ALKALI SULFIDE 
(THE SULFO ACIDS) 

ARSENIC, ANTIMONY, TIN, GERMANIUM, MOLYBDENUM, 
SELENIUM, TELLURIUM 

Arsenic, As. At. Wt. 74.91 
Forms: AS 2 S 3 , As 2 Sa, Mg 2 As 207 

Tlie three best ways of (let(‘rinining arsenic are (1) the gravimetric determination 
as As 2 S,i (sec below) ; (2) the; volumetric determination of tlie silver in a precipitate 
of AgaAsO^ (see Chapter XVII, Procedure 21); and (3) the iodimetric titration of 
tri valent arsenic in a buffeiXMl solution (sec Chapter XV). 


1. Determination as Arsenic Trisulfide, AS 2 S 3 

For the determination of arsenic in this form, it must be present in 
its trivalerit stab', i.e., as arsenious acid or as arsenite. 

Make the solution strongly acid with hydrochloric atdd and precipitate 
the ars(uiic in the cold with hydrog(‘n sulfide. Remove the excess of 
hydrogen sulfide by a stream of carl)oii dioxide, and filter through a 
Gooch cnicible tliat has been previously dried at 105°. Wash the pre- 
cipitate with hot water, dry at 105° to constant weight, and weigh as 
AS2S3. 


2. Determination as Arsenic Pentasulfide, AS 2 S 5 , according to Bunsen^ 

Modified by Fr. Neher'^ 

To the solution, which must contain all the arsenic as arsenic acid, 
add 12 iV hydrochloric acid little by little (it is best to keep the solution 
cooled by surrounding tlie flask with ice) until the solution is at least 
4 N in hydrochloric a(ad. Conduct a very rapid stream of hydrogen 
sulfide into this solution (contained in a large Erlenmeyer flask) until 
it is saturated with the gas. Tlien stopper the flask and allow to stand 
2 hours. Filter off the arsenic pentasulfide through a Gooch crucible 
which has been dried at 105°, and wash the precipitate thoroughly 
with water, then with hot alcohol (to hasten the subsequent drying). 
After drying at 105° weigh the precipitate as AS 2 S 6 . It is not necessary 
to wash it with carbon bisulfide. 


1 Ann. Chem. Pharm., 192, ,305. 

* Z. anal. Chem., 32, 45; see also Brunner and Tomicek, Monatsh., 8, 607; McCay, 
Z. anal. Chem., 27, 682, and J. Thiele, Anti. Chem. Pharm., 266, 65. 
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Remark. If the above directions are followed exactly, this method gives faultless 
results. If, on the other hand, the directions are deviated from in the slightest 
respect, the precipitate is likely to contain some arsenic trisulfide, whereby low 
results will be obtained. If the solution is not kept cool and the hydrochloric acid 
is added too rapidly, the heat of the reaction suffices to change a part of the arsenic 
pentachloridc (this compound probably exists in solution) to arsenious chloride and 
chlorine, so that on passing hydrogen sulfide into the solution a mixture of arsenic 
trisulfide and arsenic pentiisulfide will be obtained. 

3. Determination of Arsenic as Magnesium Pyroarsenate, 
according to Levol 

1 he solution must contain all th(‘ arsenic as arsenate, and have a 
volume of not more than 100 ml per 0.1 g arsenic. Add 5 ml of 12 A 
hydrochloric acid drop by drop, with constant stirring, and then, for 
each 0.1 g of arsenic, add 7 10 ml of magnesia mixture^ and a drop of 
phenolphthalein indicator solution. Now, with constant stirring, add 
6 N ammonia from a buret until the pheiiolphtlialein imparts a p(‘r- 
manent red color to the solution, and then add enough more ammonia 
to make one-third the volume of the neutralizc'd solution. After the 
liquid has stood for 12 hours filter it through a Gooch or Munroe crucible. 
Transfer the precipitate in the beaker to the crucible by some of the 
original solution blown from a small wash bottle. Wash the precipi- 
tate with 1 .5 N ammonia solution containing 2 3 per cent of ammonium 
nitrate until free from chloride. Drain the cniciblc as complct/cly as 
possible by suction, dry at 100°, and heat in an electric oven quite grad- 
ually to a temperature of 400° to 500°, until no more ammonia is evolved. 
Then raise the temperature to 800-900° and keep there for about 10 
minutes. Cool the crucible in a desiccator and weigh as Mg 2 As 207 . 

If an electric oven is not available, place the crucible with the pre- 
cipitate in an air bath (cf. p. 31). Sprinkle a thin layer of powdered 
ammonium nitrate^ upon the precipitate, and heat, gently at first, 
gradually increasing the temperature until the outer crucible is light red. 
Cool in a desiccator and weigh as Mg 2 As 207 . The results obtained arc 
excellent. 

Remarks. The precipitate produced by the magnesia mixture has the formula 
MgNH4As04'6H20 and loses 5^ molecules of water at 102®; it has, therefore, been 
proposed to weigh the precipitate after drying at this temperature. Better results 
are obtained by washing the precipitate with 1.5 N NIEOH until free from chloride 
then with four 5-ml portions of alcohol followed by four 5-ml portions of ether and 


^ Dissolve 55 g crystallized magnesium chloride and 70 g ammonium chloride in 
650 ml water and dilute to a volume of 1 1 with 6 N NH4OH. 

2 Instead of using ammonium nitrate, the crucible may be provided with a per- 
forated cover and heated in a current of oxygen. 
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weighing as MgNH 4 As 04 ‘ 6 H 20 (cf. Chapter V, “ Magnesium '0- According to 
J. F. Virgili^ it requires 25 1 of 1.5 N ammonia to dissolve 1 g of the precipitate. A 
precipitate of AsaSs or of AsjS® can be analyzed by the above method after treating 
the precipitate with HCl and KCIOj as in qualitative analysis. 



Fig. 25; 


4. Colorimetric Determination of Arsenic 

Small quantities of arsenic can be estimated very accu- 
rately by means of the Marsh apparatus, comparing the 
mirror with a series of standards formed with known quan- 
tities of arsenic.^ It is nearly as accurate, however, to 
use the much simpler apparatus recommended for the 
Gutzcit test. Treadwell and Comment^ allowed the arsine 
to react with disks containing silver nitrate and compared 
the resulting color with standards which, unfortunately, 
must be produced freshly with each analysis, as they do 
not keep very well. Almost equally accurate and much 
more convenient are the methods of F. Hcfti^ and of 
C. R. Sanger and 0. F. Black" in which the arsine is made 
to react with mercuric chloride paper. 

Oxidizing agents and compounds that yield H 2 S, SO 2 , or HjP 
should be absent. The last three, as well as organic matter, can 
be removed by heating with concentrated HNO3 and fuming with 
H2SO4 (cf. p. 167). The presence of Fe'*"'' and SnCh is advanta- 
geous; less than 0.1 g Sb does not interfere. 

The formation of AsHj takes place in a wide-mouth bottle of about 
60-ml capacity (Fig. 25) which is fitted with a onc-hole rubber stop- 
per carrying the tubes A, B, and C. The tube A contains dry strips 
of lead acetate paper which serve to remove H 2 S formed from a little 
sulfur in the zinc used. The tube B is packed loosely with glass wool 
that has been moistened with lead acetate solution. The tube C 
contains a piece of filter paper impregnated with mercuric chloride. 
The test papers and reagents are prepared as follows: 

Ferric Alum Solution. Dissolve 8.4 g of ferric ammonium alum in 
water containing 1 g NaCl and 2 ml of concentrated H 2 SO 4 and dilute 
to 100 ml. 

Lead Acetate Solution. Dissolve 1 g of Pb (C2H802)2*3H20 in 
water, add sufficient acetic acid to clear the solution, and dilute to 
100 ml. 


1 Z. and, Chem., 44 , 504 (1905). 

aC. R. Sanger, Am. Chem. J., 13, 431 (1891); Z. and. Chem., 38, 137 and 377; 
G. Lockemann, Z. angew. Chem.^ 1906, 429 and 491. 

* This method was given in the early editions of this book. 

* Inang. Dissert. Zurich, 1907. 

» Proc. Am. Acad. Arts and Sci., No. 8, 1907; J. Soc. Chem. Ind., 26, 1115 (1907). 
Cf. Allen and Palmer, 8th Int. Congr. Appl. Chem.^ 1-2 [I-II], 9 (1912). 
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Zinc. Treat zinc, free from arsenic and preferably of J- to J-inch mesh, with 
hydrochloric acid until the surface is clean, wash with water, and keep under water. 

Stannous Chloride. Dissolve 8 g of SnCl2'2H]0 in 9.5 ml of water and 0.5 ml of 
concentrated HCl. 

Lead Acetate Paper. Soak qualitative filter paper in the lead acetate solution, 
dry, and cut into strips about 7 cm by 5 cm. 

Sensitized Test Papers. Prepare strips of uniform 4-mm width from clean, cold- 
pressed drawing paper which weighs about 160 g per square meter. Such strips can 
be purchased. Thoroughly soak by drawing the strips through a saturated mercuric 
chloride solution (about 5 g HgCL per 100 ml), dry on a rack of glass rods, and cut 
into 7-cm lengths; discard the ends by which the strips were held during the immer- 
sion in HgCL solution. 

Standard Stains. Prepare a set of standard test papers by volatilizing known 
quantities of arsenic as AsHa by the same method as that followed in the analysis. 
The standards can range from 0.001 mg (or I7) to 0.050 mg of As. The stains fade 
when exposed to moist air but when coated with paraffin can be kept for some days 
in a desiccator in the dark. For preparing the standards, dissolve 20 mg of AsaOj 
in 10 ml of N NaOH by heating. Dilute to exactly 1 1 and mix. For less than 0.02 
mg of AsaOa (1 ml of the standard solution) dilute the solution tenfold. 

Procedure. Place 50 ml of the solution to be tested (which can be 
an aliquot part of the main solution) in the 60-ml decomposition flask 
and add 2.5 ml of concentrated sulfuric acid, 2 ml of the ferric alum 
solution, and 0.5 ml of the stannous chloride solution. Heat, if neces- 
sary, to about 25®, add 35 g of the arsenic-free zinc, insert the stopper 
carrying the three tubes properly filled, shake gently, and allow the 
apparatus to stand for an hour with the solution kept in a bath at 25®. 
Then remove the test paper and compare the stain with the standards. 
If the standards have been covered with paraffin, cover the test with 
paraffin in the same way. 

Figure 26 shows how the yellowish brown stained test strips should look. 



Fig. 26. 
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6, Electrolytic Determination of Arsenic as Arsine^ 

Instead of producing tiie arsine by the action of zinc and acid, it may be formed by 
cathodic reduction, As02~ -f (ie -f- 7ID -> AsHa | -f 2 H 2 O. Thorpe passes the 
arsine through a heated tube and produces an arsenic mirror, but Hefti® allows the 
gas to react with mercuric chloride paper. In both cases the apparatus devised 
by Thorpe (Fig. 27) can be used. 

As cathode a perforated cone of thin lead foil, iC, is recommended. Hang this 
upon the platinum wire that has been fused into the ground-glass stopper of the 
cathode compartment. As anode use platinum foil, 2 or 3 cm wide, wrapped around 
the porous cell, D. 

Procedure. Pour pure 4.5 N sulfuric acid into the porous cell D, 
and into the glass outer vessel, E. The level of the acid should be about 

2 or 3 cm from the bottom in 
D and about 0.5 cm higher 
in E. For the colorimetric 
determination, pour the ar- 
senic solution directly into 
the acid of the inner cell. 
It must be present as ar- 
scnious acid; cf. p. 87. 
For the production of mir- 
rors, all the air must be 
expelled by hydrogcm before 
the arsenic solution is added. 
The tube C should (!ontain 
crystallized calcium chloride. 
Cover the outlet at F with 
a disk of mercuric chloride 
paper (see Method 4) and 
electrolyze with a current of 
2-3 amperes at about 7 volts. The analysis is finished at the end of 20 
minutes. Estimate the quantitj- of arsenic by comparing the spot with 
standards. 

Remark. As cathode Thorpe recommends bright platinum foil and Hefti uses 
lead. Polished platinum does not hold arsenic back, but platinum with a rough 
surface does, and since bright platinum becomes dull with use, it is easily possible 
for low results to be obtained. Experiments performed by Hefti in the author’s 

^Cf. Bloxam, Z. anal. Chem., 1, 483 (1862); T. E. Thorpe, Proc. Chem. Soc., 
19 , 183 (1903); W, Thomson, Manch. Memoirs^ 48 , No. 17 (1904); S. R. Toot- 
mann, Chem. Zentr.^ 1904 , I, 1295; H. J. S. Sand and E. Hackford, Chem. Zentr., 
1904 , II, 259. 

> Inaug. Dissert., Zurich, 1907. 
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laboratory showed that zinc alloyed with a trac;e of copjHjr or platinum, bright 
platinum foil, and lead did not hold back arsenic when used as the cathode; on the 
other hand, zinc in the presence of chloroplatinic acid and platinum foil with spongy 
platinum held back a considerable quantity of arsenic. 

To determine arsenic in a mineral water, evaporate KX) ml to a small volume in a 
porcelain dish. Add a little sulfuric acid, reduce with sulfurous acid, expel the 
excess of the latter, and analyze by one of the above three methods. 

Determination of Larger Quantities of Arsenic as Arsine 

Method of F. Hefti 

In the electrolysis of larger quantifiers of arsenic it is not always easy to recover all 
the arsenic as arsine; some arsenic may deposit upon the cathode and may not be 
transformed into arsine by the further action of the electric current, d’ho quantity 
of arsenic deposited as metal depends upon the potential of the t‘lectrio current at the 
electrodes, the temperature, and the concentration of the arsenic solution. At high 
potentials, low temperature, and low conc(mtration of the solution, the quantity of 
arsenic deposited becomes z(‘ro and the yield of arsine is then quantitative. The 
estimation of the arsine is best accomplished iodirnctrically. If arsine is passed 
through a solution of iodine in potjxssium iodide, it is immediately oxidized to arsenic 
acid in the cold. 

AsHa + lONallCOa + 412 - NajHAsO* + 8NaI -f IOCO2 + 6H2O 

If the excess of iodine i.s titrated with sodium thiosulfate (see “ lodimetric Meth- 
ods ”) it is possible to determine the quantity of iodine that has reacted with the 
arsine. If T ml of 0.1 N iodine were us(‘d at the start, and t ml of 0.1 A thiosulfate 
solution were used for the titration, then the quantity of arsenic or arsenic trioxide 
present is 

(T — t) X 0.000937 g arsenic 
(T -t) X 0.001237 g AsaOa- 

A suitable apparatus is shown in Fig. 28. 'I’he ghiss beaker is about 14 cm tall. 
The cathode compartment, from which the arsine is evolved, consists of a glass tube 
about 12 cm tall and 2.5 cm wide, 
fastened at the bottom, by means 
of the short piece of rubber tub- 
ing, G, to the porous diaphragm T 
of the same outside diameter. 

This bottom part is made by saw- 
ing off the bottom of an ordinary 
porous cell, leaving an edge of 
only about 1 cm. The glass tub- 
ing is shown separated from the 
diaphragm in the drawing merely 
to indicate that the two tubes are 
joined at this place. As cathode, 
use a piece of lead wire wound into 
a spiral as shown by K in the 
drawing. Thicken the lead wire 
at the top so that it fits tightly 



Fia. 28. 
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into the glass tubing of /f, thus preventing loss of arsine through this tubing. 
Outside of this cathode compartment place an ordinary platinum gauze electrode 
to serve as anode. The absorption flask J should contain 25 ml of 0.1 N iodine 
solution, and it should be connected with a similar absorption flask containing 
25 ml of 0.1 N thiosulfate. Both solutions must be measured carefully from a 
pipet or buret. 

Procedure. The arsenic solution to be tested must contain all the 
arsenic in the trivalent condition. Pour 4 N sulfuric acid into the beaker 
and cover the anode with this electrolyte. Pour the solution to be 
tested for arsenic into the cathode compartment and have the level of 
the sulfuric acid in the beaker about 2 cm higher than that of the solu- 
tion around the cathode. After this dilution, the solution should not 
contain more than 0.08 g AS2O3 in 50 ml. Close the cathode compart- 
ment with a stopper carrying the cathode and the gas delivery tubing. 
Place the beaker in ice water to keep the temperature below 10°, and 
electrolyze as described below. Apply gentle suction at the end of the 
absorption, close the electric circuit, and use 2-3 amperes of current. 
Regulate the suction so that bubble after bubble of air slowly streams 
through the pressure regulator and into the cathode compartment 
throughout the duration of the electrolysis. Moreover, take care that 
sufficient ice remains in the cooling bath. When all the conditions are 
maintained satisfactorily, the liquid in the cell should remain perfectly 
clear, or at the worst be colored only by a slight brownish turbidity 
which eventually disappears. If a black turbidity is formed that settles 
to the bottom of the U-tube, something has gone wrong and it is useless 
to continue the experiment. In a normal experiment, the evolution of 
the arsine is finished in an hour, if not more than 50 mg of AS2O3 is 
present. Then turn off the current and pour the contents of the two 
absorption tubes (first the iodine and then the thiosulfate solution) into 
a beaker containing 5 ml of a saturated solution of pure NaHCOs. 
Titrate the excess iodine with 0.1 iV sodium thiosulfate solution in the 
presence of starch solution as indicator. If on mixing the contents of 
the two absorption bulbs the solution is decolorized, finish the titration 
with 0.1 N iodine (cf. “ lodimetry ”). 

This method can be carried out very easily and gives accurate results in the pres- 
ence of iron, so that it is suitable for a rapid determination of the arsenic present 
in iron minerals. 

Fuse 1 g of powdered mineral in a nickel crucible with 6 g NaaCOa and 1 g of 
KNOa. Digest the melt with dilute sulfuric acid, filter, and to the filtrate add 200 ml 
of saturated SOa solution ; boil to expel excess SO 2 , dilute to make about 2 A in HaSOa, 
and use a suitable aliquot for the electrolysis. 
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Antimony, Sb. At. Wt 121.76 
Forms : Sb 2 S 3 , Sb 204 , and Sb 
1. Determination as Trisulfide, Sb 2 Ss 

(a) Method of F, Henz^ 

Conduct hydrogen sulfide for 20 minutes into the cold solution, 
which should be about N in HCl, then, without stopping the current of 
hydrogen sulfide, slowly heat the solution to boiling and continue the 
stream of hydrogen sulfide for 15 minutes more. Remove the flame, 
allow the precipitate to settle, and decant through a Gooch crucible which 
has been heated at 280-300° and weighed. Wash the precipitate four 
or five times by decantation with 50-75 ml of hot, very dilute acetic 
acid into which hydrogen sulfide has been passed. Wash on the filter 
with the same liquid until all 
chloride is removed. At first 
the filtrate runs through 
perfectly clear, but after all 
the mineral acid has been 
removed, the filtrate shows 
a slightly orange tint, owing 
to an unweighable amount 
of the antimony sulfide 
passing through in colloidal 
solution. As soon as this 
point is reached, stop the 
washing. 2 

Place the crucible, after 
the precipitate has been 
dried as much as possible 
by suction, in the tube R, 

Fig. 29, which is fitted to 
a drying oven (about 18 cm 
long and 10 cm high and 
covered with asbestos pa- 
per). Close the tube R with 
a rubber stopper that holds a glass delivery tube, and push R into the 
drying closet until the end of the stopper is reached. To protect the 

1 F. Henz, Z. anorg. Chem., 37, 18 (1903). 

* This precipitate can be used advantageously for the volumetric determination of 
antimony (see Analysis of Stibnite). 
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rubber stopper during the subsequent heating, fit a Rose crucible cover 
against it, holding it in place by wrapping the tube a with a strip of 
asbestos paper. 

Expel all air from the tube by a stream of dry, air-free carbon dioxide 
and heat for 2 hours at 100° to 130°. Inasmuch as the tube R extends 
so far into the drying oven, there is no danger of water condensing in 
the tube; it is all expelled as vapor at 6. The precipitate is now dry 
and the air completely expelled from the heating tube. 

Now withdraw the tube R a little way out of the oven, about 5 cm, as 
shown in the drawing, raise the temperature to 280-300°, and keep it 
there for 2 hours. 

Hereby some sulfur is volatilized and collects in the tube R outside the 
oven. The orange pentasulfide is also completely changed into the black 
antimony trisulfid(i by this heating.^ Allow the crucible to cool in the 
stream of carbon dioxide, transfer to the balance case,^ let stand half an 
hour, and weigh. The black antimony trisulfide is not at all hygro- 
scopic. A further heating in the current of carbon dioxide will rarely 
show any change in weight. 

(6) Method of Vortmann and Metzl^ 

When antimony is precipitated by hydrogem sulfide from a hot solu- 
tion which is strongly acid with hydrochloric acid, the sulfide eventually 
becomes grayish black in color, is crystalline, and can be filtered easily 
and washed with water without the slighb'st tendency to pass into the 
hydrosol condition. 

To each 100 ml of neutral solution in an Erlenmeyor flask, add 24 ml 
of 12 N hydrochloric acid. Heat to boiling, and subject the hot solu- 
tion to the action of hydrogen sulfide gas. Place the Erlenmeyer flask 
containing the solution in a dish of boiling water and keep the water 
boiling during the precipitation. It is advisable to introduce the 
hydrogen sulfide gas quite rapidly at first, but towards the end a slow 
stream is sufficient. The antimony sulfide as it comes down is yellow 
at first, but as the precipitation proceeds, it becomes redder; gradually 
it becomes heavier and denser, assumes a crystalline form and becomes 

1 According to Paul {Z. ajtal Chem., 31 , 540 (1892)), the transformation of anti- 
mony pentasulfide can be accomplished at 230® but it is much more rapid at 280- 
300®. It is more difficult to replace the air completely with carbon dioxide in PauPs 
drying oven. 

* Roll up a piece of writing paper and place it in the tube R, so that the crucible 
does not come in contact with any of the sulfur sublimate, on withdrawing it. Re- 
move the crucible with the paper. 

> Z. and. Chem., 44 , 526 (1905). 



DETERMINATION AS TETROXIDE 


91 


darker and finally black in color. The transformation into the crystal- 
line form is hastened by shaking the flask. At first, while the precipitate 
is of a yellowish color, there is no need for shaking the flask, but later on 
it is very desirable to do so. The shaking, however, should not be too 
violent, as otherwise some of the precipitate is likely to adhere to the 
upper portions of the flask and escape the transformation. The reac- 
tion requires 30-35 minutes. Finally a heavy, dense, crystalline precipi- 
tate of antimony trisulfide is obtained which settles well and permits a 
rapid filtration. Dilute the solution with an equal volume of water, 
allowing it to flow around the walls of the flask in order to wash down 
any adhering sulfide. The dilution almost always causes the formation 
of a slight yellow turbidity. The reason for this is that a little of the 
antimony is held in solution by the strong acid and as the solution is 
diluted this is caused to precipitate by the dissolved hydrogen sulfide. 
Once more shake the flask, replace it in the V(‘ssel of boiling water, and 
introduce more hydrogen sulfide. In 2 or 3 minutes the solution above 
the precipitate will become clear. Filter through a Gooch crucible, 
wash with water to remove the acid, then with alcohol, place in the dry- 
ing oven, and heat as described under (a). 

2. Determination as Tetroxide, Sb 204 (Bunsen) 

This method is based upon the fact that antimony pentoxido, when ignited at a 
definite temperature, changes into Sb 204 . Bunsen,^ who first proposed the method, 
later abandoned it because his assistant succ(*eded in volatilizing more than 0.1 g 
of the precipitate by heating it over the blast lamp.^ Brunck,^ Rossing,* and Henz® 
have shown, however, that accurate results can be obtained. In 1897, Baubigny* 
discovered that antimony pentoxido is converted quantitatively into the tetroxide 
at a temperature of 750-800°. The literature is conflicting with regard to the vola- 
tility of Sb 204 . This oxide can be regarded as antimonous antimonate with ono 
atom of antimony in the trivalent condition and the othc^r atom in the quinquevalent 
state. The oxide Sbz 04 i.s very easily reduced and SbzOa volatilizes quite rapidly 
at 1000° (0.35 g in 30 minutes). 

Procedure. Ordinarily it is desired to determine the amount of 
antimony present in a mixture of its tri- and penta.sulfides, or in a mix- 
ture of one or the other of the two compounds with sulfur. It is best to 
proceed as follows: Precipitate the sulfide of antimony from a hot 
solution, wash the precipitate first with hot water, then with alcohol, 

1 Ann. Chem. u. Pharm., 106, 3 (1858). 

2 Ibid., 192 , 316 (1878). 

» Z. anal. Chem., 34 , 171 (1895). 

« Ibid., 41 , 9 (1902). 

® hoc. cit. 

® Compt. rend., 124 , 499 (1897). 
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afterwards with a mixture of alcohol and carbon disulfide (in order to 
remove the sulfur),^ again with alcohol, and finally with ether. Then 
dry the precipitate, separate the bulk of the precipitate from the filter, 
and place it upon a watch glass. Put the filter in a small porcelain dish 
and boil it with a little freshly prepared ammonium sulfide solution, stir- 
ring constantly with a glass rod. Pour the resulting solution through a 
small filter into a 30-ml porcelain crucible, and treat the filter repeatedly 
with ammonium sulfide solution until it is no longer brownish red at the 
edge of the paper, where it begins to dry; the extraction of the antimony 
sulfide is then complete. Evaporate the solution in the crucible to dry- 
ness and add the main part of the precipitate. To oxidize the antimony 
sulfide, Beckett places the crucible, with a dish of fuming nitric acid 
beside it, under a bell jar and allows it to stand over night. The vapors 
of fuming acid slowly oxidize the precipitate in the crucible, and the 
next morning it is possible to complete the oxidation by meaps of nitric 
acid {d 1.4) without the reaction being too violent. Heat the crucible 
on the water bath until the precipitate becomes white and the greater 
part of the acid is expelled. Add a little water and, with stirring, 
enough concentrated ammonia to give an alkaline reaction. Evaporate 
the contents of the crucible to dryness on the water bath, carefully heat 
in an air bath (p. 31) until no more fumes of sulfuric acid are evolved, 
and then for half an hour at 800° in an electric oven. Cool in a desic- 
cator, transfer the crucible quickly to a glass-stoppered weighing 
beaker, allow to stand 20 minutes in the balance case, and then weigh. 
Repeat the ignition and weighing until a constant weight is obtained. 

3. Determination of Antimony as Metal 

The decomposition potential of trivalent antimony cations is below that of hydro- 
gen ions so that it is possible to deposit antimony from acid solutions. By regulating 
the cathode potential, Sand® succeeded in depositing 0.3 g Sb in the presence of con- 
siderable H 2 SO 4 ; in the presence of a suitable depolarizer such as NHaOH-HCI it is 
possible to deposit antimony from HCl solutions.® In general, however, it is prefer- 
able to deposit the metal from an alkali sulfide solution.* 

If a solution of sodium or ammonium thioantimonite, or thioantimonate, containing 
not more than 0.2 g Sb in a volume of about 140 ml is subjected to electrolysis with 


1 Thiele, Ann. Chem. und Pharm., 263, 372. 

* Trans. Chem. Soc., 93, 1572 (1908); Z. Elektrochem., 16, 238 (1909). 

* Wolbling, Chem. Analyse, 17/18, 199 (1914); Schoch and Brown, J. Am. Chem. 
Soc., 38, 1660 (1916); Engelenburg, Z. anal. Chem., 62, 257; W. D. Treadwell, 
Elektroanalyt. Methoden. 

* Parrodi and Mascazzini, Z. anai. Chem., 18, 587 (1879); Luckow, Ibid., 19, 13 
(1880); Classen and Reis, Ber., 14, 1629 (1821), 17, 2467 (1884); 18, 1104 (1885); 
27, 2060 (1894). 
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a current of 1-1.5 amperes at 65® for 90 minutes, the antimony will be deposited 
upon a platinum dish, which has been etched by treatment with dilute aqua regia, 
as steel-gray, metallic antimony, and the deposit adheres so firmly that it can bo 
dried and weighed without loss. The chief condition for the success of this operation 
is the absence of polysulfidcs. If these substances are present the antimony is 
incompletely deposited and sometimes not at all, or the deposited antimony may pass 
into solution, on account of being oxidized to sodium thioantimonite by means of the 
sodium polysulfide which is formed at the anode during the electrolysis: 2Sb -f 
3Na2S2 = 2Na3SbS3. 

It is necessary, therefore, to prevent the formation of polysulfides during the 
electrolysis. For this reason Lecrenier^ added sodium sulfite to the bath, whereby 
the polysulfide is transformed into thiosulfate: Na-^Sj -f- Na 2 S 03 = Na 2 S 20 s + Na 2 S. 

Ost and Klapproth* carry out the electrolysis with the aid of a diaphragm to keep 
the polysulfide away from the cathode. 

It is better, how^ever, to make use of potassium cyanide for this purpose.* Na 2 S 2 
+ KCN = Na2S + KCNS. 

Procedure. Usually the antimony is first isolated as the sulfide, 
which is either precipitated by hydrogen sulfide from acid solution or 
obtained by acidifying an alkaline solution of the thio salt. Dissolve 
the filtered and washed precipitate, corresponding to not over 0.2 g Sb, 
in about 80 ml of a 12 per cent sodium sulfide solution (d 1.14). Transfer 
the solution to a weighed platinum dish with sand-blasted inner surface. 
Dilute the solution with 30 ml of 30 per cent freshly prepared pure 
potassium cyanide solution, and dilute to 125 ml. Heat to 65® (not 
over 70®) and electrolyze with a current of 1.2-1. 3 amperes at an elec- 
trode potential of 1.1 to 1.4 volts. After 1.5-2 hours all the antimony 
will be upon the cathode in the form of a firmly adhering, light gray 
deposit.^ Now, without breaking the circuit, siphon off the electrolyte, 
while adding water until the current ceases to pass through the liquid 
(the voltmeter connected as ammeter points to the zero reading). 
Remove the cathode, wash thoroughly with water, then with 95 per cent 
alcohol, dry at about 80°, cool in a desiccator, and weigh. The results 
by this method are usually a little high. 

Cleaning the Electrodes. Ost^ recommends heating with a mixture 
of equal parts concentrated nitric acid and a saturated solution of 
tartaric acid. The antimony will also dissolve readily by heating with 
a solution of alkali polysulfide. 

> A. Lecrenier, Chem. Ztg., 13, 1219 (1889). 

* Z. angew. Chem., 1900 , 828. 

»Cf. A. Fischer, Ber., 36 , 2048 (1903); Z. anorg. Chem., 42 , 363 (1904); Bollard, 
Bull 80C. chem., 23 [3] 292 (1900) ; F. Benz, Z. anorg. Chem., 37 , 31 (1903). 

* To make sure that the deposition is complete, the liquid may be transferred 
quickly to a second dish and electrolyzed for half an hour longer. It is seldom that 
any gain in weight will be shown by this dish. 

* Z. angew. Chem., 1901 , 827 . 
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TlN,Sn. At. Wt. 118.7 
Forms: Sn02, Sn 

1. Determination as Tin Dioxide, Sn02 

Two cases are to be distinguished: 

(a) The Tin Is Present as Metal {in an Alloy), 

(5) The Tin Is Present in Solution. 

(a) Tin in Brass or Bronze^ 

Procedure. Digest 1.0 g of borings in a small beaker with 25 ml 
of 6 iV nitric acid. Evaporate the solution slowly to about 5 ml but not 
to dryness. Dilute with water to about 50 ml; heat nearly to boiling 
and keep at about 90° for at least 20 minutes. Add ashless filter paper 
pulp (p, 151) and filter while hot. If the filtrate is turbid, refilter and 
add more filter paper pulp if necessary. Usually only the first 10-15 ml 
of filtrate will require refiltering. Wash the precipitate at least 10 
times with hot 1 per cent ammonium nitrate solution. Place the filter 
and its contents in a weighed porcelain crucible; heat carefully at first 
and finally over a M6ker burner, over a blast lamp, or in a muffle furnace 
at 1100°. Weigh as Sn02. 

The tin precipitate invariably contains small quantities of other oxides, 
and, if th(;re is much precipitate, purification by one of the two following 
methods is advisable. 

(a) After weighing, add to the precipitate six times as much of a 
mixture (consisting of equal parts sodium carbonate and pure sulfur. 
Heat in a covered porcelain crucible over a small flame until the excess 
of sulfur is almost entirely removed. This point is easily recognized by 
there being no longer any odor of S ()2 and no blue flame of burning sulfur 
evident between the cover and the crucible. Cool and dissolve the melt 
in a little hot water; the tin goes into solution^ as sodium thiostannate 
(cf. Vol. I), together with some copper and iron. Treat the deep brown 
liquid, therefore, with sodium sulfite® solution until it becomes only 

^ The method is applicable only for alloys which are completely oxidized or dis- 
solved by HNOs and which contain no antimony. It is not applicable to Babbitt 
metal. Antimony behaves like tin in this procedure. 

* Frequently a single fusion with sodium carbonate and sulfur is insufficient; 
this is recognized by obtaining a sandy residue insoluble in water. If such a residue 
appears, filter it off, wash, dry, and repeat the fusion. 

* The sodium sulfite changes the sodium polysulfide to monosulfide, in which copper 
and iron sulfides are insoluble. 
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slightly yellow in color; any iron or copper, etc., will now be precipi- 
tated quantitatively as sulfides. Filter off the latter and wash first with 
water to which a little sodium sulfide has been added and finally with 
hydrogen sulfide water. As a rule the amount of insoluble sulfide 
formed by this treatment is so small that after drying it can be ignited 
in an open porcelain crucible and changed to oxide without introducing 
any appreciable error. If this weight is subtracted from the original 
amount of impure stannic oxide, the weight of pure stannic oxide will 
be obtained. If, however, the amount of impurity present with the 
residue of metastannic acid is large, the different metals must lx* sepa- 
rated according to one of the methods for the separation of the sulfo 
bases, the weight of each oxide determined separately, and the sum of 
their weights subtracted from the original weight of the tin dioxide. 
Instead of determining the amount of impurity present with the tin 
dioxide, the filtrate from the insoluble sulfides can be acidified with 
acetic acid and the tin precipitated as yellow stannic sulfide, which, 
after it has completely settled, can be filtered off and changed by care- 
ful ignition in an open porcelain crucible to tin dioxide, as described on 
p. 97, and weighed as such. 

(b) Instead of igniting the precipitate, wash it into a porcelain evapo- 
rating dish, (waporate on the water bath almost to dryness, and then 
treat with 1 ml of pure sodium hydroxide solution and 10-15 ml of 
saturated sodium sulfide solution. (.k)V(*r tin* (waporating dish with a 
watch glass, and heat for about 45 minutes on the water bath, whereby 
all the tin should pass into solution, and the other metals remain undis- 
solved as sulfides. Filter, and wash with very dilute sodium sulfide 
solution. 

The filter upon which the metastannic acid was filtered still retains 
some of the precipitate. Spread it out, th('refore, in a s(iCond small 
evaporating dish, cover with about 1 ml of sodium sulfide solution, and 
heat on the water bath. After half an hour, all the tin should be dis- 
solved. Pour the solution through a small filter and wash the filter 
with a little hot water. 

Dry the two filters, ignite in a porcelain crucible, treat the ash with a 
small quantity of strong nitric acid, and add the resulting solution to 
that obtained by dissolving the alloy in nitric acid. 

For the determination of the tin, combine the two solutions contain- 
ing sodium thiostannate, make acid with acetic acid, and boil to expel 
the hydrogen sulfide. Filter off the precipitated stannic sulfide, wash 
once with water to remove the most of the alkali salts, then transfer 
back to the original beaker and dissolve in 10 ml of 50 per cent potas- 
sium hydroxide solution and 1 g tartaric acid; these quantities suffice 
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for 0. 1-0.2 g of tin. To the solution add pure 30 per cent hydrogen 
peroxide (Perhydrol, Merck) until the yellow liquid becomes perfectly 
colorless, then add 1 ml in excess. Boil the solution for 10 minutes to 
make sure that the oxidation is complete and that the excess of peroxide 
is decomposed. As soon as no more bubbles of oxygen are evolved, 
allow the solution to cool somewhat and add cautiously 15 g of oxalic 
acid dissolved in a little hot water. Electrolyze the hot solution as 
described on p. 98. 

The precipitated stannic sulfide, as obtained above by acidifying the 
sodium thiostannate solution, may be ignited in a porcelain crucible and 
weighed as Sn02. The results are usually a little high, and the method 
is not so accurate as the electrolytic determination. Cf. ft below. 

(b) The Tin Is Present in Solution 

(a) The Solution Contains Tin Only 

If the solution contains only tin in the form of stannic salt (chloride 
or bromide), add a few drops of methyl orange indicator solution and 
then ammonia until the pink color of the indicator is changed to yellow. 
Add 24 g of ammonium nitrate and dilute the solution to a volume of 
300 ml. Heat to boiling, filter after the precipitate has settled, wash 
with hot 2 per cent ammonium nitrate solution, ignite in an open porce- 
lain crucible, and weigh as Sn 02 . 

Remark. If the solution contains non-volatile organic acids, this method can- 
not be used for the determination of tin. The tin must be first precipitated as 
sulfide by means of hydrogen sulfide (see below). If the tin is not in solution as 
stannic salt but as stannous salt, the solution must be first oxidized by the addition of 
bromine water until a permanent yellow color is obtained, after which the solution 
can be neutralized with ammonia and treated as above described. 

According to J. Lowenthal,^ tin can be precipitated from slightly acid stannic 
chloride or bromide solutions by boiling with ammonium nitrate. Add methyl 
orange to the solution and then ammonia until a yellow solution is obtained;* now 
add dilute nitric acid, drop by drop, until the solution just becomes pink again, and 
continue as described above. 

(ft The Solution Contains^ besides Tin, Metals of the Ammonium 

Sulfide Group or Organic Substances 

In this case, irrespective of whether the tin is present in the form of 
stannic or stannous salts, conduct hydrogen sulfide into the dilute solu- 
tion until it is saturated with the gas; allow the solution to stand until 

> J, prakt Chem., 56 , 366 (1852). 

* The excess of acid cannot be removed by evaporation on accoimt of the volatility 
of stannic chloride. 
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the odor of hydrogen sulfide has almost disappeared and then filter. 
Wash the precipitate with a 2 per cent ammonium nitrate solution, dry, 
transfer as completely as possible to a porcelain crucible, and add the 
ash of the filter. Heat the tin sulfide at first gently with the flame well 
in front of the inclined open crucible to avoid loss by decrepitation, and 
afterwards with the flame at the base of the crucible until the odor of 
sulfur dioxide is no longer perceptible. Now raise the temperature 
gradually until finally the full heat of a good Tcclu or M6ker burner is 
obtained. As tin dioxide holds fast to some sulfuric acid with great 
tenacity, after cooling the crucible somewhat add a piece of ammonium 
carbonate the size of a pea. Again heat and weigh as Sn02. Repeat 
the heating with ammonium carbonate until a constant weight is 
obtained. 

Remark. F. Henz^ in testing this method always obtained results which were 
a httle too high. This was because it is difficult to wash the stannic sulfide precipi- 
tate free from sodium salts. It is best, therefore, to dissolve the well-washed stannic 
sulfide precipitate in a little sodium sulfide, transform the thiostannate into stannioxa- 
late, and determine the tin by electrolysis (see below), or as oxide by the method of 
Lowenthal (see above directions). 

2. Determination of Tin as Metal 

The electrolytic deposition of tin from a solution of the ammonium stannioxalate 
gives excellent results. It is necessary, however, to have free oxalic acid always 
present while the solution is undergoing electrolysis. During the process, ammo- 
nium oxalate is changed by anodic oxidation into ammonium bicarbonate and carbon 
dioxide : 

C2O4 " -f 2H2O - 2 e = 2 HCOa' + 2 H+ 

HCO3" + H+ H2O + CO2 T 

and the solution wiU smell of ammonia as a result of the hydrolysis of ammonium 
carbonate. When this point is reached no more tin is deposited. The ammonia 
often precipitates some stannic acid, which escapes the electrolysis. It is necessary 
therefore, to avoid letting the bath become ammoniacal, and this is best accomplished 
by adding a little solid oxalic acid from time to time. 

In the following method the electrolysis is accomplished in a potassium oxalate 
solution. Not more than 0.3 g of tin should be present in the solution analyzed. 

Procedure. In the course of an analysis it is usually necessary to 
precipitate the tin from a solution of alkali thiostannate. This is best 
accomplished as follows: Decompose the thio salt by acidifying with 
acetic acid, boil to expel hydrogen sulfide, and dissolve the sulfide by 
adding 15 g of solid potassium hydroxide. Oxidize by adding perhy- 
drol (concentrated H 2 O 2 ) drop by drop. At first the color of the solution 


* Z. anorg. Chem.f 37 , 39 (1903). 
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deepens but eventually it becomes colorless. Finally boil 10 minutes, 
add 15 g of oxalic acid, and boil 10 minutes more. Then dilute to about 
150 ml, heat to 65°, and electrolyze with a current of 1 ampere and 3-4 
volts potential at the electrodes; at the end of about 6 hours all the 
tin will have been deposited upon a gauze electrode. Wash the deposit 
with water, exactly as prescribed for copper on p. 69, then with alcohol, 
dry, cool in a desiccator, and weigh. The results are excellent. 

Remark. If ammonium oxalate is used in place of the i)otassium oxalate, the 
electrolysis requires more time (8 to 10 hours). 13y the addition of hydroxylamine 
the duration of the electrolysis is shortened. 

If the solution becomes turbid during the electrolysis, insufficient caustic potash 
solution may be used. Add 2-.3 g of potassium hydroxide to dissolve the turbidity. 

I'in can also be deposited from ammonium sulfide solutions,^ from sodium sulfide 
solutions,^ and from dilute hydrochloric acid.* Engelenburg^ tested the procedures 
of Schoch and Brown and obtained the best results as follows: 

Dissolve the tin salt in 10 ml of concentrated HCl, add 2 g NHaOH-HCl, dilute 
to 200 ml, and electrolyze at with a current of 1.5 amperes while stirring at 800- 
1000 rpm. The deposition of 0.3 g 8n is complete in 35 minutes. 


Separation of Arsenic, Antimony, and Tin from the Members of the 
Ammonium Sulfide Group 

The Hcparation is effected by passing hydrogen sulfide into the acid 
solution of the above metals, whereby arsenic, antimony, and tin are 
precipitated as sulfides while the remaining metals remain in solution. 

From an alloy, or the solid sulfo salts of the above metals, arsenic, 
antimony, and tin may be readily volatilized by heating in a stream of 
chlorine ; the chlorides of these three metals are readily volatile, whereas 
those of the remaining metals are only difficultly so. 

Separation of Arsenic, Antimony, and Tin from Mercury, Lead, Copper, 
Cadmium, and Bismuth 

The qualitative analysis of a mixed sulfide precipitate containing the above metals 
has been described in Vol. I (“Analysis of Group II ”). As a result of treatment 
with Na-iSa or (NH 4 ) 2 S 2 , the sulfides of As, Sb, and Sn pass into solution, together 
with Hg if NaaSa is used, Cu, Pb, Bi, and Cd sulfides remaining undissolved. If 
(NH 4 ) 2 S 2 is used, Hg is included in the Cu group. 


‘ Classen, Quart. Anal, durch Elektrolyse: Medway, Am. J. Sd., [4] 18, 56, 180 
(1904); Exner, J. Am. Chem. Soc., 26, 896 (1903); Fischer and Boddaert, Z. 
Elektrochem., 10, 945 (1904); Witmer, J. Am. Chem. Soc.f 29, 473 (1907); Smith 
and Kollock, J. Am. Chem. Soc., 27, 1527 (1904). 

2 W. D. Treadwell, Elektroanalyt. Methoden. 

* Schoch and Brown, J. Am. Chem. Soc., 38, 1660 (1916). 

< Z. anal. Chem., 62, 257 (1923). 
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This procedure, though satisfactory from a qualitative point of view, does not 
effect a complete separation of the eight elements, and the quantitative analysis of a 
sulfide precipitate containing them all is a very complex problem. No simple process 
of general applicability can be given. The chief difficulties are: 

1. Generally speaking, slightly incomplete extraction of tin and antimony from 
the mixed precipitate, necessitating a repetition of the procedure. 

2. Partial solubility of copper and bismuth sulfides in alkafine polysulfides. 

3. Insolubility of stannous sulfi(ie in alkaline monosulfide, and incomplete extrac- 
tion of antimony bisulfide by that reagent. 

4. In the presence of mercury, formation of mixed or complex sulfides of mercury 
with cadmium, tin, or copper, which modifies the reactions of these metals. 

However, the simultaneous presence of all the above metals in ora? and the same 
substance is so rare an occurrence that it may be ruk‘d out for practical i)urposes. 
In particular, mercury is not abundant in nature and is seldom found in alloys; its 
principal ore, cinnabar, may be found a.ssociated with sulfides of Fe, Cu, As, Sb, and 
Pb. The mercury determination in such ores is usually accomplished by a volatiliza- 
tion process (cf. p. 56). In Eschka's method, the powdc'red on* is mixed with pure 
iron filings in a tall porcelain crucible support(‘<l by a w<‘ll-fitting perforated jusbestos 
plate so that only the lower third of the crucible proji'cts b(’low the plate. 'Fhe 
crucible is closed with a tight-fitting concave gold lid filled with water. The bottom 
of the crucible is heated by a small flame. After cooling, the lid is removed, washed 
with alcohol, dried for a very short time, and w(‘ighed. Th(^ lid is them gently ignit(‘d 
and again weighed, the difference giving the iiK'rcury. 

Cadmium is another element which is rarely met with in minerals otlu'r tluin zinc 
ores, in which it occurs in small quantiti(‘s. It is an important constitiK'iit of c(;rtain 
fusible alloys: thus. Wood’s meUd consists of Bi, Cd, Hn, and Pb. Its analysis is 
conducted like that of tin alloys (p. 94), the tin b(4ng separat'd as insolubh^ meta- 
stannic acid by treatment of the alloy with nitric; acid. 'I'he nitrate's of the other 
metals are convc'rted into (diloridc's, and the lead chloride can iK'colh'cted Jis a residue? 
insoluble in alcohol. Bismuth is then precipitate'd as oxychloride (p. (>3); the 
cadmium is left in solution, from wliich it is recovered as sulfide, and this is c'on verted 
into and weighed as sulfate (p. 71). 

The metals other than mercury and cadmium arc more frequently found together, 
and their separation will now be considered. 


Separation of Arsenic, Antimony, and Tin from Lead, Bismuth, 
and Copper 

The separation is carried out, as in qualitative analysis, by treatment with alkaline 
sulfide, forming soluble thio salts ejf As, 8b, and 8n and insoluble sulfide?s of Pb, Cu, 
and Bi. It is generally preferable to use sodium sulfide; if 8b preponderates, 
potassium sulfide should be used, as the sodium salt of complex 8b salts is sparingly 
soluble; ammonium sulfide is used in separations affecting mercury. 

The best separation is obtained if all the metals are in solution (case a) ; if they 
are in the form of a sulfide precipitate, the separation to be quantitative may have 
to be repeated (case 5). If the metals are present as an alloy, low-temperature fusion 
with sodium sulfide is very convenient and effective (case c). Lastly, if insoluble or 
complex compounds have to be treated, fusion with sodium carbonate and sulfur is 
recommended (case d). 
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(a) The Metals Are in Solution. The metals should be in their higher 
state of oxidation (solution in aqua regia, or chloride solution treated 
with potassium chlorate or nitric acid). Add at least six times as much 
tartaric acid as there are metals present, and a slight excess of sodium 
hydroxide. Dilute to about 100 ml, pour the hot solution drop by drop, 
while stirring, into a hot solution of 5 to 10 g of sodium sulfide in 100 ml 
of water. Digest on the water bath forlialf an hour, pass hydrogen 
sulfide through the liquid, allow the precipitate to settle, filter, and wash 
the precipitate thoroughly with dilute sodium sulfide solution. 

(b) The Metals Are Contained in a Sulfide Precipitate. Heat the 
precipitate with a solution of 5 to 10 g of sodium sulfide in less than 50 ml 
of water. After boiling for a minute, allow the precipitate to settle on 
the water bath, and if it shows a yellow color, treat with sodium sulfite 
solution (p. 94), stir, dilute with 100 ml of hot water, and set aside on 
the water bath for half an hour. Filter off the precipitate and wash it 
with dilute sodium sulfide solution. Unless it is quite small, it is advis- 
able always to retreat the precipitate, by dissolving it in aqua regia 
and applying procedure (a). Combine the filtrates (containing As, 
Sb, Sn). 

(c) The Metals Occur as an Alloy. White alloys (lead or tin base 
bearing metals) and copper alloys are most commonly met. In the 
case of white alloys, oxidize 1 g of drillings with nitric acid in a porcelain 
dish, and evaporate to dryness. Triturate the n^sidue with a flattened 
glass rod, mix with 10 g of sodium sulfide crystals and 0.2 g of powdered 
sulfur, and gently heat the covered dish so that the salt melts in its 
water of crystallization. Continue the digestion for half an hour; 
dissolve the product in 100 ml of hot ammonium nitrate solution. 
After another hour's digestion, collect the precipitate and wash it 
with dilute sodium sulfide solution. The filtrate contains all the tin 
and antimony (arsenic); the residual lead sulfide is free from these 
metals.^ 

In the case of copper alloys, separate the tin and antimony from the 
remaining metals by treating the alloy with nitric acid (see “ Analysis of 
Phosphor Bronze," p. 101). The tin is left behind as metastannic acid, 
insoluble in dilute nitric acid, and the antimony is precipitated completely 
if ten times as much tin is present. In the presence of sufficient tin, all 
phosphorus and arsenic are also found in the insoluble residue as P 2 O 6 
and AS 2 O 6 . A small quantity of arsenic (and the remaining metals 
of this group) can be precipitated by hydrogen sulfide and separated 
from the copper group by means of alkaline sulfide solution (see 6). 


» Biltz, Z. anal. Chem., 81 , 81 (1930). 
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(d) The Metals Occur as Insoluble Compounds. Fuse the substance 
with 6 parts of sodium carbonate and sulfur mixture, etc., as directed 
on p. 94. 

For the determination of antimony in lead sulfate, etc., dissolve the 
lead salt in excess of potassium hydroxide, and pour the liquid into hot 
potassium sulfide solution (see a). 

ANALYSIS OF PHOSPHOR BRONZE 

Standard Sample 63 of the National Bureau of Standards contains, 
in addition to copper, tin, lead, and phosphorus, 0.55 per cent of anti- 
mony, 0.48 per cent of zinc, 0.27 per cent of iron, 0.20 per cent of arsenic, 
0.05 per cent of sulfur, 0.05 per cent of aluminum, and 0.008 per cent of 
nickel. In the procedure to be described only the first four elements 
will be considered. In this procedure, the antimony will be determined 
with the tin in a precipitate of “ metastannic acid and will be counted 
as tin. The arsenic will also be present in this precipitate as AS2O5. 

Determination of Copper and Lead 

Procedure. Dissolve 0.5 g of borings in a small beaker with 15 ml 
of 6 AT nitric acid, d 1.2. Evaporate the solution just to dryness on the 
water bath, and remove the beaker as soon as this stage is reached. 
Treat the residue with 20 ml of 2 AT nitric acid, heat to boiling, and 
decant off the solution through a hardened filter paper. Repeat this 
treatment. Complete the washing by boiling and decanting with 1 per 
cent ammonium nitrate solution. Keep as much of the precipitate as 
possible in the original beaker, and the total volume of the filtrate under 
150 ml. Examine the first portions of the filtrate for metastannic acid, 
refilter if necessary, and remove each successive portion from below the 
funnel before adding more wash water. Wash the precipitate with 1 
per cent NH4NO3 solution until a portion of the filtrate will give no 
test for copper or lead on adding a little ammonium sulfide solution (or 
for copper with K4Fe(CN)6 solution). Save the precipitate for the tin 
determination. 

To determine the copper and lead electrolyze this solution, and the 
nitric acid solution obtained below, with platinum gauze electrodes; use 
a current of 0.25 ampere for 4 to 6 hours and then one of 0.1 ampere for 
18 to 20 hours. The copper will be deposited on the cathode as metallic 
copper and the lead upon the anode as Pb02. (See p. 75.) 

Determination of Tin 

With the aid of a stream of water from a wash bottle, transfer the 
insoluble residue back to the original beaker as completely as pK)S8ible, 
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but limit the quantity of water used as far as practicable. To dis- 
solve the precipitate remaining on the filter, spread it out on the bottom 
of a beaker, pour over it 25 ml of yellow ammonium sulfide solution, 
and heat gently for 15 minutes. Meanwhile add 75 ml of the sulfide 
solution to the residue in the original beaker. Add to this the ammonium 
sulfide solution from the treatment of the filter paper, and wash the 
paper 3 times with hot water. Save the filter paper. 

Cover the beaker containing the ammonium sulfide solution with a 
watch glass and digest at 60*^ to 70° for 2 hours. Then filter off any 
black residue and collect the filtrate in a 600-ml beaker. Wash the 
residue with 100 ml of ammonium sulfide reagent which has been diluted 
with 4 times as much water. Complete the washing with water. Treat 
this filter and the one previously saved with 15 ml of hot 3 N HNO3, 
filter, wash free from acid with hot water, and add this solution, after 
nearly neutralizing it with ammonia, to that in which the copper and 
lead is to be determined (see above). Add the residue to the Sn pre- 
cipitate. 

To the ammonium sulfide solution add acetic acid until the solution 
reacts acid, and allow to stand in a warm place for at least 3 hours. 
Then filter off the SnS2 precipitate and wash it with 2 per cent NH4NO8 
solution, using at least 150 ml of it. Transfer the moist 8082 precipi- 
tate to a weighed porcelain crucible and ignite carefully. Call the 
residue Sn02, and report the percentage of tin present in the alloy. 

Determination of Phosphorus^ 

Weigh out 1-3 g of sample into a 300-ml Erlenmeyer flask and dis- 
solve in 20 ml of aqua regia. When all the metal has dissolved add 10 
ml of water and digest at 90° for 10 minutes. Dilute to 50 ml and treat 
with 100 ml of ammonium molybdate solution prepared as recommended 
by Blair (see Chapter IX). 

8topper the flask with a rubber stopper and shake for 10 minutes, 
occasionally removing the stopper. Allow to stand 4 hours or longer 
before filtering. Filter, keeping as much as possible of the precipitate 
in the flask. Wash the precipitate 5 times by decantation with 10-ml 
portions of 1 per cent nitric acid. 

Dissolve the precipitate on the filter in 5 A ammonium hydroxide 
containing 0.5 g of citric acid. Pour this on the filter in small portions, 
and catch the filtrate in the original flask containing the bulk of the 
precipitate. Do not use more than 50 ml of the ammonium hydroxide. 
Warm the solution slightly to dissolve the precipitate, replace under 

' Method of Lundell and Hoffman, Ind. Eng. Chem.j 15 , 172 (1923). 
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the funnel, and wash the filter with a little hot 5 per cent hydrochloric 
acid. If the ammoniacal filtrate is not clear at this stage, filter through 
the same filter and wash the filter with hot water. 

Make the solution acid with hydrochloric acid, and, without regard to 
a slight precipitate of molybdic acid, which, however, seldom forms in 
the analysis of alloys with low phosphorus, add 20 ml of magnesia mix- 
ture (Chapter IX). Heat to boiling and slowly add ammonium hydrox- 
ide till a precipitate forms or the solution is ammoniacal. Finally add 
enough 15 N ammonium hydroxide to make the solution 1.5 N with 
ammonia and allow to stand 4 hours. Filter, wasli with cold 1.5 N 
ammonium hydroxide, and finish the analysis as described under “ Phos- 
phoric Acid” in Chapb'r IX. 

ANALYSIS OF BABBITT»S METAL 

The National Bureau of Standards distrii)utes two standard alloys: 
one containing about 79 per cent lead, 11 per cent tin, and 10 per cent 
antimony; and another containing about 88.3 per cent tin, 7.3 per cent 
antimony, 3.8 per cent copper, and 0.6 per cent lead. The alloys con- 
tain traces of iron, bismuth, and arsenic which need not concern us here. 

Determination of Lead 

Take samples of about 0.4 g, weighed carefully to four significant 
figures. Treat each sample in a 250-ml Erlcnmeyer flask with 25 ml of a 
saturated solution of bromine in concentrated hydrocddoric acid. After 
a few minutes, heat gently but take care not to boil off all the bromine 
until the alloy is entirely decomposed. Fay no attention to the forma- 
tion of a white precipitate of lead chloride. When none of the original 
alloy remains, heat to expel the excess bromine; the solution will 
become colorless or pale yellow in color. Remove from the heat and 
cool somewhat. Add 15 ml of 18 N H 2 SO 4 (concentrated acid added 
carefully to an equal volume of water) and evaporate until dcn.se fumes 
of sulfuric acid are evolved and all HCl is expelled. C^ool, dilute to 
about 100 ml, and allow to stand at least an hour. Filter through a Gooch 
crucible that has been washed with alcohol and with ether and weighed 
after heating to about 400° (see p. 58). Wash the precipitate under 
gentle suction with six 5-ml portions of 1.8 A H 2 SO 4 and then with six 
portions of alcohol and finally four portions of ether. Dry the crucible 
at 105° for about 15 minutes, and then heat strongly inside a large 
crucible; cool in a desiccator and weigh. From the weight of this 
lead sulfate calculate the percentage of lead in the alloy. 
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Sometimes the results are high because some undissolved alloy remains with the 
lead sulfate. To recover this, wash the weighed PbS04 repeatedly with hot 
2 N NHiCjHaOs until the washings give no test with K2Cr04 solution; heat as 
before, cool, and weigh. Deduct the weight of residue from that of the impure pre- 
cipitate and make a corresponding correction in the antimony determination. 

Determination of Antimony 

Digest accurately weighed 0,4-g samples of alloy in 250-ml flasks with 
12 ml of concentrated H 2 SO 4 and about 5 g of KHSO 4 . Heat over a 
free flame while constantly rotating the contents of the flask until all 
the metal has dissolved and the contents of the flask fume strongly. 

It is desired to get the antimony into solution as Sb2 (804)3 and the tin as 80(804)2. 

28 b -f 6H2SO4 = 8 b 2 ( 804)8 + 3SO2 + 6H2O 
Sn + 4H2SO4 = 80(804)2 + 2SO2 + 4H2O 

If the alloy is heated too gently, sometimes a part of the tin is left in the stannous 
condition, and this is fatal to the analysis. The acid should be heated nearly to 
the boiling point to accomplish the second stage in the oxidation of the tin. A black 
residue of finely divided antimony often requires prolonged heating. 

When the sample is completely decomposed and the sulfuric acid has 
fumed strongly for several minutes, allow to cool and then add very 
cautiously 5 ml of water. Follow this with 20 ml of 12 N hydrochloric 
acid and boil gently for 3 minutes. Cool, add 100 ml of cold water, and 
titrate at a temperature below 15° with 0.1 AT permanganate. The end 
point should remain for 20 seconds if the above directions were followed. 
Save the solution for the tin determination. 

According to LundelV the solution should contain 10 to 25 per cent of concentrated 
HCl by volume, and approximately 10 per cent by volume of concentrated H2SO4 
is desirable. The above directions provide for 10 per cent of HCl and somewhat 
less than 6 per cent of H2SO4 by volume. The procedures recommended by the 
Bureau of Standards and by Lundell, Hoffman, and Bright call for less than 5 per 
cent H2SO4. The titration of antimony with permanganate gives very accurate 
results when the conditions are right, and this method of determining antimony is 
used more than any other in commercial testing. If the conditions are not right, 
the end point may be very hard to find. For many years chemists avoided as much 
as possible all titrations with permanganate in the presence of hydrochloric acid 
because hydrochloric acid is easily oxidized to chlorine or hypochlorous acid, a reaction 
which is catalyzed by the presence of other substances such as ferrous salt. By 
keeping the solution cold, by making sure that all tin, iron, etc., are oxidized by 
sufficiently long treatment with hot sulfuric acid, and by adding appropriate quan- 
tities of hydrochloric and sulfuric acids, this oxidation of HCl is prevented. The 
titration reaction can be expressed as follows: 

58b+++ -f 2 Mn 04 ' + I 2 H 2 O = SHjSbOi + 2Mn++ -f. 9H+ 
and the milliequivalent of antimony is 0.06088 g. 


* Applied Inorganic Analysis^ p. 228. 
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Determinatioii of Tin 

Transfer the titrated solution from the antimony determination to a 
500-ml Erlenmeyer flask; add 65 ml more of concentrated hydrochloric 
acid and about 2 g of test lead powder. Stopper the flask with a rubber 
stopper carrying a long glass tube which extends from the bottom of the 
stopper upward for about an inch and then bends downward through a 
wide arc to a point on the outside nearly level with the bottom of the 
flask when the stopper is inserted. Heat the contents of the flask to boil- 
ing and boil gently for 30 minutes. Then remove the flame and, without 
removing the stopper from the flask, insert the outer end of the tubing 
it carries into a beaker containing 200 ml of saturated NaHCOs solution 
(about 22 g of NaHCOs). While keeping the tubing in this NaHCOs 
solution, cool the contents of the flask by cold, running water. Cool 
slowly at first. At the end of the reduction with lead, 

Sn++++ -f Pb = Sn++ -f- Pb++ 

the flask is filled with steam; but as the contents cool and the steam 
condenses, the NaHCOs solution is sucked into the flask and CO 2 is 
formed which exerts a pressure and will force back the liquid in the 
tubing and perhaps bubble through the NaHCOs solution. In this way 
the flask becomes filled with CO 2 rather than air, of which the oxygen 
would oxidize some of the stannous ions back to the stannic state. 
Finally cool to about 10® (using ice water or Dry Ice if necessary), add 
5 ml of starch indicator solution, and titrate fairly rapidly with 0.1 iV 
iodine solution. 

Sn++ + I 2 = Sn++-H- + 2r 

Instead of using the above device for filling the flask with CO2, a stream of CO2 
gas can be kept passing through the solution during the reduction with Pb and 
particularly during the cooling of the .solution. Some chemists add a lump or two 
of calcite (CaCOa) to the reduced solution which slowly dissolves in the acid with 
liberation of CO3. A little Dry Ice placed in another flask will furnish a convenient 
source of CO2. On placing this flask in warm water, an abundant stream of CO2 
is evolved which can be led into the fla.sk containing the solution of the alloy by 
means of tubing extending nearly to the bottom of the flask containing the solution 
that is being analyzed. The above scheme of sucking NaHCOj back into the solu- 
tion works nearly as well. It has been recommended that the iodine solution be 
added through tubing that runs through the stopper so that there is absolutely 
no chance for air to enter the flask during the titration. The titration of SnCU 
with iodine is very accurate, but it is necessary to have all the tin in the stannous 
condition and to prevent any back oxidation by air, or the results of the analysis 
will be low. Various other reducing agents such as a coil of nickel wire, metallic 
iron, or powdered antimony have been recommended instead of the test lead, but 
in every case the chief source of trouble is oxidation by the air. 



106 


GROUPS 1 AND 11 OF CATIONS 


Germanium, Ge. At. Wt. 72.60 
Forms: GeOz, Mg 2 Ge 04 

Germanium is a very rare clement which resembles tin. In ordinary mineral 
analysis, practically all the germanium will be lost by volatilization as GeCU during 
evaporation with HCl before removing the silicic acid. This volatility of GeCU is 
utilized for separating germanium from other elements. With a suitable distilling 
column, germanium can be separated not only from elements that do not form 
volatile chlorides but also from elements such as arsenic, tin, antimony, tellurium, 
and selenium that do.^ Germanium minerals are decomposed best by fusion with 
6 times as much of a mixture of equal parts sodium carbonate and sulfur in a covered 
porcelain crucible. In this way water-soluble Na2GeS3 is formed. To make sure 
that a perfect separation is obtained, the melt is leached with water, filtered, and the 
fusion of the insoluble residue with sodium carbonate and sulfur repeated. The com- 
bined aqueous extracts of the melts arc made strongly acid with H2SO4 and the pre- 
cipitated GeS2, SnSi, As^Sb, etc., filtered off. When no other element of this group 
is present, the white GeSa can be converted into (a) GeOa or (h) Mg2Gc04 as follows: 

(a) Dissolve the whit(i GeSa in small portions of strong ammonia solution and 
catch the solution in a weighed platinum dish or large crucible. Wash the filter 
with small portions of wat(*r until the filtrate is colorless. Add 20 ml of 3 per cent 
H2O2 and allow the oxidation to take place in the cold. Evaporate the solution to 
dryness and heat to 105"'. Moi.sten the residue with H2SO4 and heat carefully over a 
free flame and finally to constant weight at 900®. Weigh as GcOa. 

(h) Dissolve the GeSa precipitate in ammonia as in (a) and oxidize with H2O2. 
Heat until all t'xcess peroxide* is removed. Make slightly acidic with H2SO4, dilute 
to 100 ml, atid add 20-25 ml of 2 A (NH4)2S04 solution and 15-25 ml of N MgSOi 
solution. Add strong ammonia slowly until an excess of 15-20 ml has been added 
for each 100 ml of solution. Allow to stand over night, filter, and wash with small 
portions of I.SANIGOH. Ignite in a porcelain crucible, as with magnesium 
ammonium phosphate (see “ Magnesium ”), and weigh as Mg2Ge04. 

To determine germanium in gcTmaniferous zinc oxide, proceed as follows: 

Take 20-100 g of oxide, triturate to a piiste with water, and transfer to a flask 
containing NaOH solution. A proper mixture is 1 part NaOII, 2 parts crude zinc 
oxide, and 5 parts water. Provide! the flask with a three-holed rubber stopper carry- 
ing gas inlet tubing which reaches to the bottom of the flask, a small dropping funnel, 
and a small distilling column, 20 min in diameter and 80 cm long, filled with glass 
beads and surroundtid by a glass jacket tube. To the end of the distilling column 
attach a Liebig condenser, and to the oth<!r end of the condenser attach an adapter 
which passes through a two-holed rubber stopper to the bottom of a small Erlon- 
meycr flask. Connect this flask with a second fliisk by means of tubing which 
reaches from the bottom of the stopper of the first receiver to the bottom of the 
second flask. Add water to each flask sufficient to cover the inlet tubes, and immerse 
the flasks in ice water. Also immerse the distilling flask in cracked ice, fill the 
apparatus with chlorine, and slowly add concentrated HCl through the dropping 
funnel until all the NaOH is neutralized and then excess HCl equal to twice the 


^ Dennis and Papish, J. Am. Chem. Soc., 43, 2140 (1921); James and Fogg, ibid., 
61, 1459 (1929); Iannis and Johnson, ibid., 46, 1380 (1923); Johnson and Dennis, 
ibid.,A7, 790 (1925). 
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weight of zinc oxide. Remove the ice and heat gently. Distil until half the liquid 
in the flask is gone, add an equal volume of concentrated HCl, and distil again. 
Repeat this a third time. Finally saturate the contents of the two Erlenmeyer flasks 
with H2S and allow to stand 24 hours. Filter off the GeS.. and analyze as above. 

AS2S3 and GeSa can be separated by dissolving them in ammonia, adding a liberal 
quantity of HF in a platinum dish, and precipitating the arsenic with H2S. The HF 
converts the germanium to HaGeFc, and the GeFe ^ anion does not react with H2S 
(cf. Vol. I). 


Selenium, Se. At. Wt. 78.96 

Selenium is usually determined as the element itself. Two cases 
are to be considered : 

(a) The selenium is present as alkali selenite or as HsSeOa. 

(b) The selenium is pn'sent as alkali selenatc' or as n 2 Se 04 . 

(a) The Selenium Is Present as Selenite or as Free HjSeOs. Make 
the solution acid with IICl, saturate witli 802 gas, boil, filter through a 
Gooch crucibl(‘, and wash, first with water then with alcohol. Dry the 
residue at 105° and weigh. 

Remark. The precipitation of selenium by SO2 is quantitative whether the 
solution is concentrated or dilute, but it takes place more readily in the pre‘sence of 
considerable acid. I'his fact is of importance in the separation of selenium from 
tellurium, for the latter element is not precipitated by SO2 when considerable hydro- 
chloric acid is pre.sent (cff. p. 108 ). 

In the presence of nitric acid the {)recipitation of .sekuuum by sulfurous 
acid is incornplel/G. In such cas(\s, tlie nitric a(ud may be removed by 
boiling with hydrochloric acid in a flask with a return-flow condenser. 
Evaporation in an opcm vessel is not permissible as considc'rable s(‘- 
lenium is volatilized even in tlui pr(\s(‘nce of dissolved alkali chloride. 
It is safer to precipitate the stdenium with hydrazine sulfate or hydra- 
zine hydrate when nitric acid is pres(‘nt. 

Add ammonium hydroxide to the nitric acid solution until it is faintly 
ammoniacal and then make slightly acid with hydrochloric acid. ( ’Over 
the Erlenmeyer flask witli a watcli glass, add an excess of hydrazine 
sulfate or hydrate, and boil until the precipitated red selenium coagu- 
lates and changes into the easily filtrable gray modification with a clear 
supernatant solution. Filter into a Gooch or Munroe crucible, wash 
with hot water and then with alcohol, dry at 105°, and weigh the 
selenium. 

Phosphorous acid does not precipitate selenium from cold, dilute, 
strongly acid solutions; this fact is utilizejd in the separation of selenium 
from mercury (cf. p. 111). 
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(b) The Selenium Is Present as Alkali Selenate or as Free H 2 Se 04 . 

As selenium in the form of selenic acid is not precipitated by sulfur 
dioxide, phosphorous acid, or hydrogen sulfide, it must be first reduced 
to selenious acid by long-continued boiling with hydrochloric acid (cf. 
Vol. I); the above procedure is then followed. This tedious operation 
is unnecessary, however, if the precipitation is effected with hydrazine 
hydrate or sulfate as described under (a). 

In practice, selenium is obtained usually in neither of the above forms, 
but as impure selenium (selenium sponge) or as selenide, and by the 
treatment of these substances one or the other of the above selenium 
compounds is obtained. 

If the selenium or selenide is made to react with concentrated nitric 
acid,^ or aqua regia, all of it is dissolved in the form of selenious acid 
(not selenic acid), and the selenium can be precipitated with hydrazine 
hydrate or sulfate as described under (a). 

If the finely powdered selenium or selenide is intimately mixed with 
2 parts sodium carbonate and 1 part potassium nitrate, placed in a 
nickel crucible, covered with a layer of sodium carbonate and potas- 
sium nitrate, and heated gradually until it fuses, all the selenium forms 
alkali selenate and on extracting the melt with water it goes into solu- 
tion; in this way it is separated from most of the remaining oxides. 
The solution, however, often contains small amounts of lead. In 
order to remove lead, treat the filtrate with hydrogen sulfide, and again 
filter; free the solution from hydrogen sulfide by boiling, strongly acidify 
with hydrochloric acid, boil until no more chlorine is evolved, and 'pre- 
cipitate the selenium by sulfur dioxide according to (a). 

Remark. The mixture must be heated very slowly, as otherwise some selenium 
is likely to be lost by volatilization. In working with selenium it must be borne in 
mind that selenium is easily volatilized as Se02'2HCl. If the solution is less than 
QN in HCl it can be heated on the steam bath without serious loss, but when stronger 
acid is used and the solution is evaporated to dryness on the steam bath, a very serious 
loss results. Alkali salts do not prevent volatilization, and volatile Se 2 Cl 2 is easily 
formed in strong HCl solutions containing reducing agents or filter-paper fiber. In 
ordinary work when no provision is made for selenium or tellurium, they are likely 
to be reported as aluminum. If any considerable quantity of either were present it 
would be revealed in reductions incidental to the determination of iron. 

Tellurium, Te. At. Wt. 127.6 

Tellurium is usually determined as the element itself. 

If sulfur dioxide is conducted into a hydrochloric acid solution con- 
taining tellurous acid, black tellurium is precipitated quantitatively, 

^ Mercury selenide is not acted upon by nitric acid, but is dissolved by aqua regia. 
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provided that the solution does not contain too much add. If tellurous acid 
is dissolved in 200 ml of concentrated hydrochloric acid, no tellurium will 
be precipitated on passing sulfur dioxide into the cold solution. If, 
however, the solution is diluted with an equal volume of water and sulfur 
dioxide is passed into the boiling solution, all the tellurium will be 
precipitated. Filter off the precipitate, wash with water until free from 
chlorides, then with alcohol, dry at 105°, and weigh. The oxidation of 
the tellurium during the drying is so slight that it can be disregarded. 

From solutions of telluric acid, tel urium is not precipitated by means of' sulfur 
dioxide. From such solutions the precipitation can be accomplished by boiling for a 
long time under a return-flow condenser with strong hydrochloric acid which reduces 
telluric acid. According to Gutbier, this reduction is unnecessary if hydrazine 
hydrochloride or hydrate is used to precipitate the tellurium. 

2H<,TeO« + 3(N2H4*2HC1) = 12 H 2 O + 6HC1 + 3 N 2 + 2Te 

Lenher and Homberger prefer to use both hydrazine hydrochloride and sulfurous 
acid. Their procedure is as follows: To the solution of tellurite, telluratc, or the 
corresponding acids, containing about 0.5 g of tellurium, add 25 ml of 3 A hydrochloric 
acid, 10 ml of a 15 per cent solution of hydrazine hydrochloride, and 35 ml of satu- 
rated sulfur dioxide solution. Boil 5 minutes, filter, wash with hot water till free 
from chloride, then with alcohol, dry at 105®, and weigh as tellurium. The entire 
analysis can be made in an hour. 

Separation of Selenium and Tellurium from the Metals of 
Groups III, IV, and V 

By conducting sulfur dioxide into the solution fairly acid with hydro- 
chloric acid, the selenium and tellurium will be quantitatively precipi- 
tated while the other metals remain in solution. 

Separation of Selenium and Tellurium from the Metals of Group n 

(a) From Copper ^ Bismuth, and Cadmium 

Pass sulfur dioxide into the boiling solution containing hydrochloric 
acid, whereby all the selenium and tellurium and usually some of the 
bismuth are precipitated. Filter and wash the precipitate with hot 
water. Dissolve it in nitric acid, evaporate the solution to dryness, 
take up in concentrated hydrochloric acid, dilute with a little water, 
and precipitate with hydrogen sulfide. Wash the precipitate, consist- 
ing of the sulfides of selenium, tellurium, and bismuth, and treat with 
sodium sulfide solution; selenium and tellurium pass into solution while 
the bismuth remains behind as its brown sulfide and is filtered off. 

Make the solution containing the selenium and tellurium acid with 
nitric acid, carefully evaporate to dryness, and boil the residue with 
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200 ml of concentrated hydrochloric acid, until there is no longer any 
evolution of chlorine. Filter off the deposited sulfur through a Gooch 
crucible, and saturate the filtrate with sulfur dioxide gas; all the sele- 
nium is precipitated in this way. Filter off the selenium through a 
Gooch crucible and wash successively with 10 iV, 6 N, and 2 N hydro- 
chloric acid, and finally with absolute alcohol. Dry the precipitate at 
105° and weigh. Dilute the filtrate with an equal volume of water and 
precipitate the tellurium by passing sulfur dioxide into the boiling 
solution. Wash this precipitate with water until free from chlorides, 
then with absolute alcohol, dry at 105°, and weigh. 

Remark. The above method is suitable for the separation of selenium and 
tellurium from small amounts of bismuth, but does not effect a good separation of 
selenium (and tellurium) from copper. In this case, more or less copper selenide is 
formed according to the conditions, and this compound is not decomposed quanti- 
tatively by sodium sulfide.^ The following method of. B. Brauner and B. Kuzma® 
is more satisfactory. 

Precipitate the tellurium and selenium in a pressure flask, by means 
of SO2, filter off the precipitate, which is contaminated with copper, 
antimony, and bismuth (using a Gooch crucible), wash, dissolve in 
nitric acid, evaporate the solution to dryness, and take up the residue 
in caustic potash solution (1 : 5). To the alkaline solution in an Erlen- 
meyer flask upon a water bath, add little by little 4-6 g of ammonium 
persulfate, whereby the potassium tellurite is oxidized to potassium 
tellurate and the selenite to selenate. When all the persulfate has 
been added, boil the solution to decompose the excess of persulfate, 
make acid with sulfuric acid, and allow to cool. Now, add 100 ml of 
H2S-water, expel the excess of the H2S by passing CO2 through the 
solution, filter off the precipitated CuS (Bi2S3, 86283), and treat as 
described on pp, 78-81 . Boil the filtrate with hydrochloric acid to reduce 
the telluric acid to tellurous acid, reduce the solution by SO2, and 
analyze as described above. 

The first filtrate from the impure Te and 8e will contain the greater 
part of the Cu, Bi, etc. 

(6) From Antimony ^ Tin^ and Arsenic 

If considerable antimony is present, add tartaric acid to the solution, 
and precipitate the selenium and tellurium by boiling with sulfur 
dioxide. 


1 Cf. E. Keller, J. Am. Chem. Soc., 19, 771. 
» Ber., 1907, 3362. 
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According to Muthmann and Schroder^ this method of separating 
tellurium from antimony is not quantitative; some antimony is always 
precipitated with the tellurium. A. Gutbier,^ however, finds that a 
perfect separation can be accomplished by means of hydrazine hydro- 
chloride (not the sulfate). 

(c) From Mercury 

Dissolve the mercury selenide, or telluride, in aqua regia, add chlo- 
rine water, and dilute the solution largely with water. Add phos- 
phorous acid;^ after 24 hours’ standing, the mercury is precipitated 
completely as mercurous chloride, and can be determined as such 
according to p. 55. Make the filtrate slightly alkaline with potassium 
hydroxide, evaporate nearly to dryness, dilute, and separate the sele- 
nium from the tellurium according to the method of Keller (see Ixdow). 

(d) From Gold and Silver 

The separation of selenium and tellurium from silver offers no diffi- 
culty, inasmuch as the silver can be precipitated by hydrochloric acid 
and determined as the chloride. 

Precipitate the gold as described on p. 128 by oxalic acid and the 
selenium and tellurium in the filtrate by means of sulfur dioxide. The 
three metals may also be precipitated together by sulfur dioxide, 
weighed, and the selenium and tellurium afterward volatilized by roast- 
ing, leaving the gold behind. 

Tellurium may be separated from gold by precipitating the gold 
with ferrous sulfate. Selenium, however, is also precipitated quantita- 
tively by ferrous sulfate from solutions strongly acid with hydrochloric 
acid. 

Separation of Selenium from Tellurium 

Method of E. Keller^ 

Keller's method is based upon the fact that tellurous acid is not precipitated from 
solutions strongly acid with hydrochloric acid while selenium is precipitated quanti- 
tatively. 

Procedure. Dissolve the mixture of the two elements, obtained by 
precipitation with sulfur dioxide, in nitric acid and carefully evaporate 

' Z. anorg. Chem., 14 , 433 (1897). 

^Z. anorg. Chem., 32 , 263 (1902). 

* Selenious and tellurous acids are not precipitated by phosphorous acid from dilute 
hydrochloric acid solution, but are precipitated from hot concentrated solutions. 

* J. Am. Chem. Soc., 19 , 771. 
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to dryness. Treat the dry mass with 200 ml of concentrated hydrochlo- 
ric acid, boil to remove the nitric acid, and saturate with sulfur dioxide. 
Filter off the precipitated selenium through a Gooch crucible, wash 
first with 10.8 N hydrochloric acid, then with dilute hydrochloric acid, 
then with water until free from chloride, and finally with absolute al- 
cohol. Dry the selenium at 105® and weigh. Dilute the filtrate with 
an equal volume of water, heat to boiling, precipitate the tellurium by 
sulfur dioxide, and treat like the selenium. 

According to Keller, this method gives satisfactory results as long 
as the amount of tellurium present does not exceed 5 g. Even then 
the separation can be effected by increasing the amount of acid to 450 ml. 

Determination of Selenium and Tellurium in Crude Copper 

Many copper ores contain selenium and tellurium, and the crude 
copper obtained from such ores always contains these elements. The 
amount present may be determined, according to Keller,^ as follows: 
According to the amounts of selenium and tellurium present, take 
5-100 g of the copper for analysis. Dissolve the sample in nitric acid, 
and add an excess of ammonia to precipitate the phosphorus, ar- 
senic, antimony, tin, bismuth, selenium, and tellurium together with 
ferric hydroxide;^ the copper is held in solution by the excess of am- 
monia. Filter off the precipitate and wash with dilute ammonia water 
until the copper is completely removed. Dissolve the precipitate in 
hydrochloric acid and saturate this solution with hydrogen sulfide in 
the cold; selenium and tellurium together with arsenic, antimony, tin, 
and bismuth are thrown down as sulfides and are separated by filtration 
from the iron and phosphorus. Treat the precipitate thus obtained 
with sodium sulfide solution, and filter. The filtrate contains all the 
selenium and tellurium in the presence of arsenic, antimony, and tin 
as thio salts. Make acid with nitric acid and carefully evaporate to 
dryness. Dissolve the residue in 200 ml of concentrated hydrochloric 
acid and treat as described on p. 111. 

Determination of Selenium in Steel® 

Cover 25 g of steel with 125 ml of water and gradually add 130 g of 
pure iodine while stirring. This dissolves the metal and any tellurium 
present but leaves a residue of oxides, selenides, and elementary selenium. 

1 J. Am. Chem. Soc., 22, 241. 

® About 0.2 g of ferric iron should be present. If necessary, add some iron dis- 
solved in nitric acid. 

* Methods of the Chemists of the U. S. Steel Corporation. 
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Filter and wash with 10 per cent KI solution until all Feh is removed and 
then a few times with water to remove KI. Place the filter paper and 
precipitate in the flask of an all-glass Soxhlet extraction apparatus in 
which the thimble is omitted and the thimble compartment is filled with 
glass beads. Add 20 ml of 70 per cent IICIO4 to the flask and heat gently 
until the filter paper is destroyed. When condensate appears in the 
thimble compartment and the HCIO4 is fuming strongly, cool somewhat, 
disconnect the Soxhlet condenser, and rinse the connections into the 
flask. Then rinse the condenser with concentrated HCl which flows into 
the thimble compartment; disconnect the condenser, and rinse it and 
the connections with a little water. Finally pour concentrated HCl 
over the beads until enough is present to start the automatic siphon 
and make the washings run into the flask. The volume of the entire 
solution should not exceed 90 ml at this point. 

Filter through a glass or Alundum crucible and wash with 10-15 ml 
of concentrated HCl. Add 50 ml of concentrated HCl which has been 
freshly saturated with SO 2 . Allow to stand until the red selenium 
settles, filter through a Gooch crucible, and wash with cold, concentrated 
HCl and finally with water until free from chloride. Wash 4 times with 
5-ml portions of alcohol and 4 times with ether, drain 5 minutes with 
suction and 15 minutes at 100®. Cool and weigh as Se. 

Molybdenum, Mo. At. Wt. 96.96 
Forms; M 0 O 3 , PbMo 04 

If the molybdenum is present as ammonium molybdate, heat a 
weighed portion in a spacious porcelain or platinum crucible, at first 
carefully and later to a dull red heat; this leaves the molybdenum tri- 
oxide behind in the form of a dense powder, appearing yellow when 
hot and almost white when cold. There is no danger of losing any of 
the molybdenum by volatilization, provided that the dull red heat is not 
exceeded. 

If the molybdenum is present as alkali molybdate, change it to 
mercurous molybdate or to its sulfide, and then analyze as described 
below. 


Precipitation of Molybdenum as Molybdenum Sulfide 

The precipitation of molybdenum as the sulfide can take place in 
two ways: either the acid solution may be precipitated by hydrogen 
sulfide gas, or the solution of ammonium thiomolybdate may be acidified 
with dilute acid. 
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(a) Precipitation of Molybdenum Sulfide from Acid Solutions 

Place the molybdenum solution, slightly acid with sulfuric acid,^ 
in a small pressure flask and saturate in the cold with hydrogen sulfide. 
Close the flask, heat on the water bath until the precipitate has com- 
pletely settled, and filter after it has become cold. Wash the pre- 
cipitate with very dilute sulfuric acid and finally with alcohol until 
the acid has been completely removed. Place the moist filter in a 
large porcelain crucible and dry upon the water bath. Cover the 
crucible and heat very carefully over a small flame until no more hydro- 
carbons are expelled. Then remove the cover, burn off the carbon 
from the sides of the cnicible at as low a temperature as possible, and, 
by raising the temperature gradually, change the sulfide to oxide. The 
operation is finished when no more sulfur dioxide is formed. After 
cooling, add a little mercuric oxide suspended in water to the content-s 
of the crucible, stir the mixture well, evaporate to dryness on the water 
bath, remove the mercuric oxide by gcmtle ignition, and weigh the residue 
of molybdenum trioxidc. The mercuric oxide helps to remove particles 
of unburned carbon. 

It is much easier to transform the molybdenum trisulfide into the 
oxide as follows: Filter off tlie sulfide into a Cooch crucible, wash with 
water containing sulfuric acid, and then with alcohol, and dry at 100° C. 
Place the crucible within a larger nickel one, cover with a wat(;h glass, ^ 
and cari'fully heat over a small flame until the sulfide is for the most 
part changed to the oxide. As soon as the odor of sulfur dioxide can 
no long(^r be detected, removes the watch glass and heat the opcni cni- 
cible to a constant weight. The molybdenum oxide thus obtained 
always contains traci's of SO3, and conscKpiently has a bluish appear- 
ance. The results, nevertheless, arc excellent. 

(6) Precipitation of Molybdenum Sulfide from Alkaline Solution 

To th(‘ molybdenum solution add an excess of ammonium hydroxide 
and saturate the solution with hydrogen sulfide until it assumes a 
bright red color. Make acid with sulfuric acid and treat the precipi- 
tate as described under (a). 

Separation of Molybdenum from the Alkaline Earths 

Fuse the substance with sodium carbonate, extract the melt with 
water, and filter. The solution contains all the molybdenum as alkali 

^ In some cases, e.g., for the separation of Mo from Ba, Sr, and Ca, it is necessary 
to effect the separation in a hydrochloric acid solution. 

* To avoid loss by decrepitation. 



MOLYBDENUM SEPARATIONS 


115 


molybdate, while the alkaline earths remain undissolved as carbonates. 
From the aqueous solution determine the molybdenum by one of the 
above methods. 

Separation of Molybdenum from the Metals of the 
Ammonium Sulfide Group 

Precipitate the molybdenum as sulfide (preferably from a sulfuric 
acid solution) by treatment with hydrogen sulfide under pressure (see 
p. 114). If the solution contains titanium, it is better first to add am- 
monia and ammonium sulfide, so that the metals of Group III will be 
precipitated and the molybdenum will remain in solution in the form 
of its thio salt. After filtration, precipitate the molybdenum as sulfide 
by the addition of acid (see p. 114, b). 

Separation of Molybdenum from the Metals of Group II 

(a) Frofn Lead, Copper, Cadmium, and Bismuth 

Make the solution alkaline with sodium hydroxide, add sodium sul- 
fide, digest for some time in a closed flask, and filter. The molybdenum 
remains in solution as its thio salt, while th(i otlu'r m(4als an^ precipi- 
tated as sulfides. After filtcu’ing, acidify the .solution with s\ilfuric acid 
and heat in a pressure flask until the precipitate has settled and the 
supernatant liquid appears colorless. After allowing to cool, filt/er 
off the molybdenum sulfide and convert to oxide, as described on p. 1 14. 

(5) F rorn Arsenic 

Add ammonium hydroxide to the solution, which must contain 
the arsenic as arsenic acid, and precipitate the arsenic by magru'sia 
mixture (see p. 83), and filter. Make the filtrate acid with sulfuric 
acid and precipitate the molybdenum as sulfide as described on p. 1 14. 

Separation of Molybdenum from Phosphoric Acid 

Precipitate the phosphoric acid from the ammoniacal solution as 
magnesium ammonium phosphate (cf. p. 83) and the molybdenum 
.as sulfide in the filtrate (cf. p. 114, a). Another way is to saturate the 
ammoniacal solution with hydrogen sulfide, acidify with hydrochloric 
acid, and thus precipitate the molybdenum as sulfide. In this filtrate 
precipitate the phosphoric acid as magnesium ammonium phosphate 
under the customary conditions. 
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Detennination of Molybdenum as Lead Molybdate' 

Weigh out 0.5-5.0 g of the finely powdered ore into a 250-ml Erlen- 
meyer flask (not more than 0.15 g of Mo or 0.25 g of M0S3 should be 
taken), and heat with 15 ml of concentrated nitric acid until the brown 
fumes are gone. Then add 10 ml of concentrated hydrochloric acid 
and evaporate to a small volume. Add 15 ml of 18 N sulfuric acid 
and evaporate to fumes of sulfuric acid. Cool, add 50 ml of water, 
and boil gently for a few minutes. Filter into a 150-ml beaker. Wash 
the PbS04 and Si02 residue with hot water, then 6 to 8 times with 
4 N ammonia, and finally with hot water. 

If arsenic is present add a little ferric sulfate at this point to make 
sure that 10 times as much iron as arsenic is present. Usually 0.3-0.4 g 
of the ferric salt is sufficient. This insures the precipitation of all the 
arsenic as ferric arsenate upon neutralization. Nearly neutralize the 
solution with ammonia, heat to boiling, and pour slowly into 75 ml of 
hot 9 N ammonia solution containing 3 g of sodium carbonate. The 
carbonate serves to precipitate alkaline earths if present. Stir well, 
and filter when the precipitate has settled. Wash with hot water. If 
arsenic is absent, omit the details described in this paragraph. 

To the filtrate add 3 g of tartaric acid and saturate the alkaline solu- 
tion with hydrogen sulfide. The tartaric acid is necessary to prevent 
the subsequent precipitation of vanadium and tungsten with the molyb- 
denum. Filter off any precipitate that may form in this alkaline solu- 
tion and wash with water containing hydrogen sulfide. To the filtrate 
add 6 N sulfuric acid until there is no further effervescence. Heat for 
a short time, filter off the M0S3 precipitate, and wash with very dilute 
sulfuric acid saturated with hydrogen sulfide. 

Dissolve this last sulfide precipitate in a little aqua regia and evapo- 
rate with hydrochloric acid to remove the nitric acid and the greater 
part of the excess acid. Dilute to 300 ml and neutralize with ammonia 
until alkaline to methyl orange. Then add 4-5 ml of 6 A hydrochloric 
acid, 10 g of ammonium acetate, and 2 ml of acetic acid. Heat to boiling 
and add 2 per cent lead acetate solution slowly from a buret, while 
stirring, until a drop of the solution tested on a spot plate will show 
no color change with fresh, 0.5 per cent tannin solution (Chapter 
XVII, Procedure 19). A brown color is obtained before all the molyb- 
denum has been precipitated. Next add 2-5 ml excess lead acetate 
and 5-10 ml of acetic acid. Heat on the hot plate nearly to boiling 
for 15-20 minutes, filter while hot, and wash with hot dilute ammo- 
nium nitrate solution. Ignite carefully and weigh as PbMo04. 

1 See U. Bur. Mines^ BuU. 212, and Descriptive Circ. 6079. 
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Determination of Molybdenum in Steel 

Solution of the Sample, (a) Tungsten Absent Treat 2-5 g of 
sample (approximately 0.03 g Mo) with 100 ml of 6 H 2 SO 4 and heat 
until action ceases. Add 20 ml of 25 per cent (NH 4 ) 2 S 208 solution and 
boil 10 minutes to oxidize the molybdenum to the sexivalent state. Cool 
somewhat, add 5 g of tartaric acid, neutralize with ammonia, make acid 
with sulfuric acid, and add 10 ml of 18 A H 2 SO 4 in excess for each 100 ml 
of solution. 

(6) Tungsten Present Treat enough sample to contain about 0.03 g 
Mo with 100 ml of 6 HCl. Heat gently, and when most of the sample 
has dissolved add 25 ml of 6 A^ IINO3 and boil gently until the tungstic 
acid residue becomes bright yellow. Dilute to 150 ml, heat to boiling, 
filter, and wash the residue with 1.2 A HCl. Save this residue and, 
after uniting it with any further deposit of WO3, examine it for Mo as 
described in the next paragraph. To the solution add 15 ml of concen- 
trated H 2 SO 4 , evaporate to fumes, cool, can^fully dilute with 100 ml of 
water, and, if there is any residue of tungstic acid, filter it off, wash it 
with 0.36 N H 2 SO 4 , and combine it with the first residue. 

Dissolve the combined tungstic acid residues in hot 5 per cent NaOH 
solution; wash the filter paper with hot water and finally with a little 
dilute H2SO4. Treat this solution separately with H2S as described 
below for the main solution. 

Precipitation with H 2 S. To the solution add 5 g of tartaric acid, 
neutralize with NH4OH, then add 18 AH2SO4 to an acid reaction and 
10 ml in excess for each 100 ml of solution. Heat to boiling, and intro- 
duce a rapid stream of H 2 S for about 20 minutes. Dilute with an 
equal volume of hot water and continue passing the H 2 S for 5 minutes 
more. Digest at 60° for an hour. Filter and wash the M 0 S 3 precipitate 
with 0.36 N H2SO4 which is saturated with H2S. 

Precipitation with Lead Acetate. With a stream of water from a 
wash bottle, transfer the precipitate back to the original beaker, place 
this under the funnel, and dissolve any precipitate adhering to the filter 
by pouring through the filter four 5-ml portions of hot 6 N HCl contain- 
ing a little Br 2 . Finally wash the paper with hot water and reserve it 
for the next filtration. To the contents of the beaker add 20 ml of con- 
centrated HCl and 3 g of NaClOs. Boil gently until all the M 0 S 3 has 
dissolved, filter through the same paper that was used before, and wash 
with hot water. Reserve the filtrate. 

Heat the filter and its contents in a porcelain crucible until all the car- 
bon is consumed, cool, and digest the ash with a little, freshly prepared 
5 per cent NaOH solution. Add the solution to the reserved filtrate. 
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Nearly neutralize the entire solution with NaOH and pour the slightly 
acid solution into 100 ml of boiling-hot 5 per cent, freshly prepared 
NaOH solution. Filter, wash the precipitate with hot water, and save 
the filtrate which contains practically all the Mo. To recover any Mo 
in the precipitate, dissolve it in hot 6 N HCl, nearly neutralize, and pour 
the solution into about 25 ml of hot 5 per cent NaOH solution. Filter 
and add this filtrate to the main solution. 

Neutralize the solution with HCl and add 8 ml of 6 N acid in excess. 
Evaporate, if necessary, to 250 ml, and to the clear solution add 50 ml of a 
20 per cent solution of ammonium acetate. Heat to boiling and, while 
stirring, add a 1 per cent solution of lead acetate which contains 10 ml 
of acetic acid per liter. If an appreciable quantity of Mo is present it is 
usually shown by the solution suddenly clearing when a slight excess of 
reagent has been added. Usually 10 ml of the reagent is sufficient. Boil 
2-3 minutes, allow the precipitate to* settle, and test with a little more 
of the reagent to make sure that all the Mo is precipitated as PbMo 04 . 

If the precipitation is complete, boil for 10 minutes, let the precipitate 
settle, filter through an ashless paper, and wash with hot 2.5 per cent 
NH4NO3 solution until free from chloride. 

If the precipitate is large, dissolve it in hot 6 N HCl, heat to boiling, nearly neutra- 
lize with ammonia until a slight permanent precipitate is obtained, add 10 ml of 
50 per cent ammonium acetate solution, a little more lead acetate reagent, boil 2 
minutes, allow to settle, filter, and wash as before. 

Transfer the paper and precipitate to a weighed porcelain crucible, burn off the 
carbon carefully, and heat to dull redness. Cool and weigh as PbMoOi. 

SEPARATION OF ARSENIC, ANTIMONY, AND TIN 
FROM ONE ANOTHER 

Arsenic from Antimony 

For qpparating arsenic from other elements one of the following properties can be 
utilized: ( 1 ) Arsenic pentasulfide is less soluble than most other sulfides and can be 
formed by introducing hydrogen sulfide into a cold solution containing quinquevalent 
arsenic which has been made strongly acid by adding considerable concentrated 
hydrochloric acid. ( 2 ) Arsenic trichloride is easily volatilized from solutions con- 
taining tri valent arsenic and hydrochloric acid. ( 3 ) Arsenic in the quinquevalent 
state forms characteristic precipitates of MgNH4As04*6H20 and of Ag3As04. 

The volatility of AsCls is the basis upon which the best methods of separating 
arsenic from other elements rest. This volatUity must also be borne in mind in all 
work with arsenic compounds, and solutions of quinquevalent arsenic should not be 
boiled long with hydrochloric acid as there is danger that some arsenic trichloride 
will be formed. Germanium is the only other element likely to be volatilized with the 
AsClj under the conditions recommended for the analysis, and in those rare cases 
where germanium is present, it can be volatilized as GeCb in a stream of chlorine; 
later the arsenic can be reduced and distilled off in a stream of hydrogen chloride gas. 
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(a) Volatilization Method of E. Fischer^ 

Principle. This separation depends upon the ready volatility of arsenic tri> 
chloride in a current of hot hydrochloric acid gas, under which conditions antimony 
chloride is not volatile if the temperature is kept below 105®. If the arsenic is 
present as arsenic acid, as is usual, the distillation must take place in the presence of 
some reducing agent.* 

Procedure. Use an apparatus similar to that shown in Fig. 30 for 
this determination. In the course of analysis, the arsenic and antimony, 
as a rule, are obtained first as sulfides, and these should be dissolved in 
caustic potash solution and oxidized by chlorine. Instead of using 



chlorine, the alkaline solution may be boiled with hydrogen peroxide 
or potassium p)ercarbonate. If this method is followed for the oxidation, 
the boiling must be continued until there is no further evolution of 
oxygen. 

Transfer the oxidized solution, by means of a long-stemmed funnel, 
to the 500-ml distilling flask, A, in which has been placed 1.5 g of potas- 
sium bromide.^ Dilute the solution in the flask with 12 N hydro- 
chloric acid to a volume of about 200 ml. The receiver, T, consists of 
a large flask of 1 .5- to 2-litcr capacity ; keep it cold by circulating a stream 
of cold water. At the start place 800 ml of cold water in the beaker, 
and during the analysis keep cold water running through the condenser 

1 Z. anal. Chem., 21, 266. The process as described in the modification of M. 
Rohmer, Ber., 34, 33 and 1565 (1901). 

* Fischer used a ferrous salt, O. Piloty and A. Stock used hydrogen sulfide (Per., 
30, 1649), and Friedheim and Michaelis used methyl alcohol (Rer., 28, 1414). 

* Instead of the ix)tassiura bromide, hydrogen bromide may be used which has 
previously been prepared by treating 1 g of bromine with sulfurous acid. It is not 
permissible to introduce the bromine into the flask. A, and convert it there to hydr^ 
gen bromide by introducing sulfur dioxide gas into the flask, because it is then possible 
for bromine vapors to get into the receiver by means of the air which is first expeUed 
from the apparatus, and the bromine would oxidize the volatilized AsCl, and thus 
interfere with the subsequent determination of the arsenic by precipitation as the 
trisulfide, or by titration. 
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and have it overflow into the beaker containing the receiving flask. 
With the apparatus all connected as shown in the drawing, heat the 
distilling flask and distil in a current of hydrogen chloride,^ meanwhile 
constantly passing a little sulfur dioxide into the flask. At the end of 
about 46 minutes, when the volume of liquid in A is reduced to about 
40 ml, remove the flame and disconnect the T-tube between the two 
evolution flasks in order to prevent liquid from backing up into the wash 
bottles. Rinse off the adapter tube which connects the condenser with 
the receiver, and remove the receiver. 

Place another receiver at the end of the apparatus and make a second 
distillation to make sure that all the arsenic has been volatilized. ^ 



Then, for the determination of the arsenic, dilute the contents of the 
two receivers with hot water to a volume of about 1250 ml, and remove 
the excess of sulfurous acid by heating to boiling and passing a stream 
of carbon dioxide through the liquid as is shown in Fig. 31. When all 
the sulfur dioxide has been expelled (as can be shown by inserting a 
stopper with delivery tube into the flask so that the escaping vapors 
can be led into a dilute sulfuric acid solution of decinormal permanganate 
which will be decolorized by sulfur dioxide), allow the solution to cool 
and determine the arsenic as trisulfide according to the directions on 
p. 82, or titrate the arsenic with iodine. 

To accomplish the titration, add 3 drops of phenolphthalein indicator 
solution to the solution and add solid potassium hydroxide until a per- 

^ If there is any tendency to suck back, a little more sulfur dioxide should be 
introduced. 

* Rohmer found that as much as 0.15 g arsenic was volatilized completely by one 
distillation. 
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manent pink color is imparted to the liquid. Then decolorize the solu- 
tion by a few drops of hydrochloric acid, add 5 g of sodium bicar- 
bonate, and titrate with decinormal iodine solution as described in 
Part 

Determine the antimony by treating the contents of the distilling 
flask with 2 or 3 g of tartaric acid, washing the solution into an Erlen- 
meyer flask, expelling the sulfur dioxide as above, ^ and determining the 
antimony gravimetrically by precipitating as the trisulfide according to 
the directions on p. 89, or volumetrically by titration with iodine as 
described in Chapter XV. 

Remark. If the quantity of arsenic is not large, there is no need of distilling with 
a stream of HCl. A much simpler apparatus can be used and the procedure described 
on p. 125 followed. 


( 6 ) Precipitation of A 8285 

The precipitation of AS 2 S 6 from strong hydrochloric acid solutions 
was described on p. 82. 

Procedure. Starting with a precipitate consisting of the trisulfides 
of arsenic and antimony, dissolve this in caustic potash solution and 
oxidize exactly as described under the previous method. To the solu- 
tion add acid, wash the acid solution into an Erlenmeyer flask, and cool 
by surrounding the flask with ice. In another flask likewise cool some 
12 N hydrochloric acid. When both solutions are at 0®, dilute the 
arsenic-antimony solution with twice its volume of concentrated hydro- 
chloric acid. Into this cold solution pass a rapid stream of hydrogen 
sulfide for 90 minutes. Stopper the flask and allow to stand an hour 
or more before filtering off the AS 2 S 6 through a Gooch cioicible. Wash 
the precipitate with 4 N hydrochloric acid until 1 ml of the filtrate 
after being considerably diluted with water and tested with hydrogen 
sulfide shows no precipitation. Then wash with water and finally 
with hot alcohol. After drying at 110® C, weigh the precipitate as 
AS2S6. 

Dilute the filtrate from the arsenic sulfide with about 4 times as 
much water and saturate with hydrogen sulfide. lilter off the Sb 2 S 6 
into a Gooch crucible, dry at 280® C in a current of carbon dioxide, and 
weigh as Sb 2 S 3 (p. 89). 

1 A blank determination should be made with all the reagents that are used, and 
the iodine solution must be standardized in a solution as dilute as that in which the 
analysis is made. 

2 'pjje escaping gas will not decolorize a solution of 2-3 ml dilute sulfuric acid and 
1 drop of 0.01 N KMnO., when aU the SO, is expeUed. 
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(c) Precipitation of MgNIIiAsO^’BlhO 

Principle. The separation is based upon the fact that, if magnesia mixture is 
added to a solution of an alkali arsenate and antimonate containing tartaric acid 
only arsenic will be precipitated. 

Procedure. Oxidize the solution obtained by dissolving the sulfides 
in aqueous caustic potash as described under (a). Make acid with 
hydrochloric acid and add 3 g of tartaric acid. Add an excess of 
ammonia; if a precipitate forms, it shows that an insufficient amount 
of tartaric acid is present. In this event decant off the clear solution, 
dissolve the precipitate by warming with tartaric acid, and mix the two 
solutions. To the clear, ammoniacal solution, add magnesia mixtiin' 
(cf. p. 83, footnote) slowly with constant stirring. After standing 
12 hours, filter off the precipitate of magnesium ammonium arse- 
nate (it usually contains a little basic magnesium tartrate), and wash 
a few times with 1.5 A^ ammonia. Dissolve the precipitate in hydro- 
chloric acid, heat to boiling, and reprecipitate by the addition of an 
excess of ammonia. After allowing to stand for 12 hours more, filter off 
the precipitate, wash with 1.5 A ammonia, and weigh as magnesium 
pyroarsenate as described on p. 83 or as MgNll4As04*6H20 (cf. 
p. 84). 

Remark. Arsenic can also be separated from tin according to the above method, 
except that more tartaric acid is necessary to prevent the precipitation of the tin 
than when antimony alone is present (cf. p. 124). 

{(1) Precipitalion an Ag^AsOi^ 

Transfer the sulfides of antimony and arsenic to a platinum dish and 
dissolve in a little fuming nitric acid. J'lvaporate off most of the excess 
acid; add 2 ml of 45 per ceht hydrofluoric acid and a little water. Ilcat 
until a clear solution is obtained, and dilute to 100 ml. Cover with a 
quartz glass, heat just to boiling, and treat with 5 g of K2S2()8 added 
cautiously in small portions. Cool, add a little methyl orange indicator 
solution, and make neutral with ammonia. Heat to boiling and add a 
slight excess of silver nitrate solution. Cool, filter off the chocolate- 
brown Ag3As04 precipitate, and wash it with water containing 5 g of 
NH4NO3 and 0.25 g AgNOs per liter. Finally wash with a little alcohol. 
Test the filtrate with more silver nitrate and make sure that it is neutral 
to litmus. Determine the silver content of the precipitate cither gravi- 
metrically as chloride or volumetrically by the Volhard method. In 
either case dissolve the precipitate in a little dilute nitric acid. 


I L. W. McKay, J. Am. Chem. Soc., 60, 368 (1928). 
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Separation of Antimony from Tin 

F. W . ClarkFs Mcihod^^ Modified 

Of all the known methods for the separation of antimony from tin, this is probably 
the most accurate. It depends upon the fact that antimony is completely pre- 
cipitated from a solution containing oxalic acid, while stannic tin is not. Stannous 
sulfide, however, is decomposed by oxalic acid, forming an insoluble crystalline 
stannous oxalate, so that the tin must be in the stannic form. 

Procedure. Usually it is a qiu'stion of separating antimony from 
tin after these metals have been sc'parated from the members of the 
copper group by means of alkali poly.su! fide; i.e., the tin and the anti- 
mony arc in the form of their soluble thio salts. 

To the solution of the thio .salts in a 500-ml beaker containing not 
more than 0.3 g of the two metals, add an aqueous solution of 0 g of 
th(i purest caustic pota.sh (one-third the .sum of th(.‘ W(Mghts of tartaric; 
and oxalic acids to be added) and 3 g of tartaric acid (10 times the 
maximum weight of the; two medats). To this mixture slowly add Per- 
hydrol until the yellow .solution is completely decolorized; then add 
1 ml in excc.ss and boil the; solution for a iow minutes to change any 
thiosulfate to sulfate and to de(*ompose the; gn^ahu’ part of the excc'ss 
peroxide. As soon as the evolution of oxyge^n ceases, cool the solution 
somewhat, cover the beaker with a watch gla.ss, arid cautiously add a 
hot solution of 15 g pure recryst alii zed oxalic acid (5 g for 0.1 g of 
the mixed metals). This causes the (*volution of considc'rable gas 
(CO 2 + O 2 ). Now, in ord(‘r to nanove all the; (‘xc(\ss hydrogen per- 
oxide, boil the .solution vigorou.sly for 10 minutes. The volume of the 
liquid should amount to 80-100 ml. After tins, introduce a rapid 
stream of hydrogen sulfide into the; boiling .solution; for some; time thc're 
will be no precipitation, but only a white turbidity. Aft(*r 5 or 10 
minutes the solution becomes orange-colored and the antimony bc'gins 
to precipitate; from this point take the time. At the laid of 15 minutes 
dilute the solution with hot water to a volume of 250 ml; at the end of 
another 15 minutes remove the flame; and 10 minutes later stop the 
current of hydrogen sulfide. Filter off the precipitated antimony 
pentasulfide through a Gooch crucible which, before weighing and after 
drying, has been heated in a stream of carbon dioxide at 300° for at least 
1 hour. Wash the precipitate twice by decantation with 1 per cent 
oxalic acid and twice with very dilute acetic acid before bringing it in 
the crucible. Both these wa.sh licjuids should be boiling hot and satu- 

^Chem. News, 21 , 124. Cf. also Rossing, Z. anal. Chem., 41 , 1; F. Henz, Z. 
anorg. Chem., 37 , 18 (1903); Vortmann and Metzl, Z. anal. Chem., 44 , 525 (1905). 
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rated with hydrogen sulfide. Weigh the Sb 2 S 3 after the treatment 
described on p. 89. 

To determine the tiuy evaporate the filtrate to a volume of about 150 
ml, nearly neutralize the excess of oxalic acid with potassium hydroxide, 
and deposit the tin clectrolytically as described on p. 97. 

According to Vortmann and Metzl,^ antimony can be separated from 
tin by passing hydrogen sulfide into a solution containing hydrochloric 
and phosphoric acids of the proper concentration. 

Separation of Arsenic from Tin and Antimony 

(а) Method of Fred. Neher’^ 

Dissolve the moist sulfides in freshly prepared ammonium sulfide, 
evaporate nearly to dryness in an Erlenmeyer flask, and oxidize with 
hydrochloric acid and potassium chlorate. From this solution precipi- 
tate the arsenic as sulfide under the conditions described on p. 82. 
In the filtrate from the arsenic pentasulfide all the tin is found and can 
be precipitated as sulfide after diluting largely with water and passing 
in hydrogen sulfide. Ignite and change to the oxide as described on 
p. 97. 

(б) Method of W. Hampe^ 

Dissolve the precipitated sulfides, as soon as possible after filtering 
and washing, in freshly prepared ammonium sulfide, evaporate the 
solution nearly to dryness, and oxidize with hydrochloric acid and po- 
tassium chlorate in a flask connected with a return-flow condenser.'^ 
Add tartaric acid and ammonia, and precipitate the arsenic with mag- 
nesia mixture as magnesium ammonium arsenate, according to p. 83. 
After allowing to stand 12 hours, filter off the precipitate, wash with 1.5 iV 
ammonia, and, in order to remove a little magnesia, dissolve the pre- 
cipitate in hydrochloric acid and reprecipitate by the addition of ammo- 
nia. After another 12 hours, filter off the precipitate and again wash 
with 1.5 A ammonia. 

This precipitate can be converted into magnesium pyroarsenate and 
weighed in this form as described on p. 83. The transformation is 
somewhat tiresome, however, so that Hampe prefers to dissolve the 
precipitate in hydrochloric acid once more, to precipitate the arsenic 
by means of hydrogen sulfide, and then to determine the magnesium in 

1 Z. anal. Chem., 44 , 633 (1906). 

a Z. anal. Chem., 32 , 46 (1893). 

» Chem. Ztg., 18 , p. 1900 (1894). 

* So that no arsenic trichloride will be lost by volatilization. 
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the evaporated filtrate as magnesium pyrophosphate according to p. 256 
or p. 257. 

(c) Method of Plaio-Hartmann^ 

In this interesting method the chlorides of arsenic, antimony, and tin, in the lower 
states of oxidation, are heated with a mixture of phosphoric and hydrochloric acids. 
Arsenous and antimonous chlorides distil by raising the temperature to 165°, but 
stannous chloride forms a complex with phosphoric acid and remains behind. Ac- 
cording to Plato, tartaric acid is added to the first distillate and by a second distilla- 
tion the arsenous chloride is removed. Hartmann prefers to precipitate the arsenic 
as trisulfide from a solution quite strongly acid and antimony as trisulfide in the 
partially neutralized filtrate. After the trichlorides of arsenic anti antimony have 
been distilled from the solution containing hydrochloric and phosphoric acids, the 
tin is volatilized as stannic chloride by the addition of hydrobromic acid. The latter 
reacts with the hot, concentrated sulfuric acid and is to .some extent oxidized into 
bromine which in turn oxidizes the tin to volatile stannic chloride. 

For the distillations, the apparatus 
shown in Fig. 32 is suitable. On the ex- 
treme right of the drawing is shown a 
Kipp generator for producing carbon di- 
oxide, connected through the wjish bottle 
and the long glass tube to B into which 
acid can be made to drop from the funnel 
T. The lower part of B leads almost to 
the bottom of tlie flask A. The stopper 
of the flask is also fitted with a ther- 
mometer and a gas exit tube D, leading 
to the condenser P, which in turn is con- 
nected with the receiver E, in which the 
subsequent precipitation can also take 
place. The uncondensed vapors pass 
through the tube K, containing glass 
beads w'cttcd with water, into the tubing 
R, which is connected with the tower G 
containing pieces of marble. In this way 
the acid vapors are neutrafized so as not 
to be obnoxious. 

It is advisable to wind cord around D 
to keep the vapors from being cooled too 
much by the air; for the same reason the 
neck of the flask A should be covered with ^iq. 32. 

asbestos paper. 

Procedure. If the sample is an alloy, v^reigh out I g of the fine borings 
into the flask A, Fig, 32, add 6 ml of concentrated sulfuric acid, and heat 
until decomposition is complete. Of arsenic, antimony, and tin sulfides, 
place the precipitate and filter in the flask and add enough sulfuric acid 

1 Plato, ^onor^. Chem., 68, 26 (1911); Z. anal. Chem., 60, 641 (1911); Hartmann, 
Z. anal. Chem., 68, 148 (1919). 
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so that the mass is not quite dry after the carbonization of the filter; 
continue heating until the sulfuric acid solution is colorless, or a light 
straw color, and volatilize any sulfur in the neck of the flask by heating 
carefully with a flame. Evaporate off the excess sulfuric acid, leaving 
about 6 ml in the flask. If the carbon of the filter is not oxidized suffi- 
ciently there will be too much foaming during the subsequent distillation. 

Cool, add 7 ml of aqueous phosphoric acid, d 1.70, again cool, add 
10 ml of concentrated hydrochloric acid, and connect the apparatus with 
a little water in the receiver. Introduce a slow stream of carbon dioxide, 
begin heating the flask, and cause concentrated hydrochloric acid to drop 
into the flask so that the volume of liquid in the flask does not change 
much during the distillation. Keep the temperature at 155-165°. 
The arsenic trichloride distils readily, but it may take 2 or 3 hours to 
distil all the antimony trichloride. To test for antimony, disconnect the 
receiver and collect about 20 drops of fresh distillate. To this add a little 
hydrogen sulfide water and ammonia water to neutralize some of the 
acid; if no orange precipitate forms, antimony is absent. 

When all the antimony has been volatilized as chloride, stop dis- 
tilling and disconnect the receiver. Taking a fresh receiver, continue 
the distillation using a mixture of one-fourth pure hydrobromic acid, 
d 1.40, and three-fourths concentrated hydrochloric acid in the dropping 
funnel. If bismuth is present, keep the temperature below 145°. 
Distil until no test for tin is obtained with 1 ml of distillate. A little 
sulfur dioxide is always present in the distillate, being formed by the 
interaction of hydrobromic and sulfuric acids. There is, therefore, 
always some sulfur precipitated when the H 2 S water is added, but this 
milky turbidity can be distinguished from a precipitate of yellow stannic 
sulfide that forms more quickly. The distillation should not be stopped 
until there is no sign of yellow precipitate in the test. 

To determine arsenic in the first distillate, introduce hydrogen sul- 
fide and treat the precipitate of arsenic trisulfide as described on p. 82. 

To determine antimony in the filtrate which contains hydrogen 
sulfide, neutralize with ammonium hydroxide until a permanent pre- 
cipitate of orange antimony sulfide forms. Add a little more ammonium 
hydroxide, but not enough to make the solution ammoniacal, dilute with 
an equal volume of hot water, and saturate with hydrogen sulfide gas. 
Treat the antimony trisulfide precipitate as directed on p. 89. 

To determine tin, take the second distillate, dilute with a little water, 
and add ammonium hydroxide until the stannic hydroxide precipitate 
does not redissolve well on stirring. Saturate with hydrogen sulfide, 
allow to stand over night, and treat the precipitate as directed on p. 94. 
Filter-paper pulp aids in filtering the stannic sulfide. 
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Separation of Antimony from Arsenic and Tin 

(a) Method of Rose 

Heat the sulfides of arsenic, antimony, and tin with fuming nitric 
acid in a large covered beaker until the sulfur is completely oxidized, 
and remove the excess of acid by evaporation on the water bath. Treat 
the slightly moist residue with concentrated sodium hydroxide solution, 
and transfer the contents of the dish to a silver crucible. Add a little 
solid sodium hydroxide, and dry the contents of the cnicible in an air 
bath. Place the silver crucible in a larger porcelain one, heat over a 
M4ker burner, and keep the contents of the smaller crucible liquid for 
about 20 minutes. Cool, extract the melt with water, add one-third as 
much alcohol to precipitate sodium metantimonate completely, and 
after allowing to stand for 12 hours filter off the precipitate, wash with 
50 per cent alcohol, dissolve in HCl, and determine antimony as sul- 
fide (p. 89). Acidify the filtrate containing all the arsenic and tin 
with hydrochloric acid, so that stannic arsenate is precipitated. With- 
out filtering, conduct hydrogen sulfide into the liquid, filter off the 
precipitated sulfides of tin and arsenic, oxidize with hydrochloric acid 
and potassium chlorate, and separate the arsenic from the tin as de- 
scribed on p. 124. 

(6) Method of Hampe 

Oxidize the moist sulfides with hydrochloric acid and potassium 
chlorate, and determine the arsenic as described on p. 83. 

In the combined filtrates from the magnesium ammonium arsenate 
precipitate the antimony and tin by hydrogen sulfide, after making 
the solution acid. Separate these according to one of the methods 
already described; cf. p. 123. 

(c) GOLD AND THE PLATINUM METALS 

PLATINUM, PALLADIUM, OSMIUM, RUTHENIUM, RHODIUM, 
AND IRIDIUM 

Gold, Au. At. Wt. 197.2 

Gold is always determined as the metal itself. There are three cases 
to distinguish : 

1. The gold is present in solution. 

2. The gold is alloyed with copper and silver. 

3. The gold is present in an ore. 
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1. Gold Is Present in Solution 

Usually gold is deposited as metallic gold from its solutions and 
weighed after filtering and washing. 

For the deposition of gold numerous reducing agents can be used, such 
as ferrous sulfate, oxalic acid, sulfurous acid, formaldehyde, and hydro- 
gen peroxide. If the gold is to be precipitated by means of either /erroi^s 
sulfate or oxalic acidf no free nitric acid can be present in the solution. If 
some is present, it must be removed by repeated evaporation with con- 
centrated hydrochloric acid and the solution then diluted with water. 
To this dilute solution add a large excess of clear ferrous sulfate solu- 
tion, cover the beaker, and heat its contents for several hours on the 
water bath. Then filter off the precipitate, wash first with water con- 
taining hydrochloric acid until the iron is completely removed, and then 
with pure water. Dry the precipitate, transfer as completely as possible 
to a porcelain crucible, add the ash of the filter, ignite, and weigh the 
gold. In this way gold can be separated from most metals, even plati- 
num, but not from silver. If silver is present, as of course it never is 
in a dilute hydrochloric acid solution, remove it by the addition of 
hydrochloric acid, filter off the precipitated silver chloride, and treat 
the filtrate as above described. 

To precipitate gold by means of oxalic acidy adjust the acidity so that 
the solution contains the equivalent of 2 ml of concentrated HCl and 
5 drops of concentrated H2SO4 in each 100 ml, add the oxalic acid, and 
boil 10 to 15 minutes. In the filtration of precipitated gold, the filter 
paper must fit tightly to the funnel along the upper edge and sometimes, 
the addition of some ashless filter-paper pulp is advisable. 

If a gold solution is treated with caustic alkali solution and then with 
formaldehyde, or, better still, hydrogen peroxide,^ the gold is soon pre- 
cipitated quantitatively, even in the cold. By boiling, the finely divided 
gold collects together and assumes a reddish brown color. The reaction 
takes place according to the following equation : 

2AuCl8 + 3H2O2 + 6KOH = 6KC1 + 6H2O 3O2 + 2Au 

If the gold is deposited by this method from very dilute solutions 
it is obtained in such a finely divided condition that it passes through 
the filter. If, however, the solution is boiled until the excess of hydro- 
gen peroxide is completely destroyed and it is then acidified with hydro- 
chloric acid, the gold can be readily filtered. Gold can be separated 
from platinum by this method. 


1 Vanino and Seeman, Ber., 32, 1968 (1899). 
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2. The Gold Is Alloyed with Silver and Some Copper 

Gold present in alloys is most rapidly and most accurately determined 
in the dry way. The principle of the method is very simple. Too 
much copper should not be present as high-copper alloys cannot be 
cupelled. 

If a gold-silver alloy is melted in the air with lead upon a “ cupel 
(a very porous vessel made of bone-ash or magnesia) the lead and cop- 
per are oxidized, the oxides fuse and are absorbed by the cupel, while 
all the gold and silver are left behind in the form of a metallic button, 
which is weighed. The silver is afterwards separated from the gold 
by the action of nitric acid, which dissolves the silver but leaves the gold 
behind. If the weight of the gold that is left undissolved is deducted 
from the weight of the gold-silver button the weight of the silver is 
obtained. 

To obtain accurate results a number of precautions must be taken. 
By the cupellation of the alloy some noble metal is always lost, the 
amount increasing in proportion to the amount of lead used and the 
temperature. Furthermore, small amounts of the noble metal are 
absorbed by the cupel, and this loss is greater the smaller the quantity 
of lead used. This second loss amounts to much less than the former 
one occasioned by the use of too much lead. Consequently, in every gold 
cupellation an unnecessary excess of lead ynust he avoided. 

Experience has shown that the richer a gold-silver alloy is in base 
metal the more lead is necessary for the cupellation. Furthermore, 
in the separation or parting of gold from silver by means of nitric acid, 
it is necessary to remember that the separation is quantitative only 
if the alloy consists of 3 or more parts of silver to 1 part of gold. If 
less than 3 parts of silver are originally present for 1 part of gold, it is 
necessary to add pure silver until this proportion is reached. This 
operation is known as quartation or inquartation. If a gold-silver 
alloy, in the form of foil, consisting of 3 parts of silver to 1 of gold, is 
treated with nitric acid, the gold remains behind as a brownish scale; 
if more silver is present, it is left as a fine powder, unless the acid is 
extremely dilute. Sometimes a little silver may remain with the gold 
after the treatment with acids and this causes high results in weighing 
the residual gold; often error due to incomplete removal of silver more 
than balances the loss of gold during the cupellation. 

From what has been said, it is clear that accurate results can be 
obtained only when the correct amount of lead is present in the alloy that 
is cupelled, and when the gold and silver are present in the proper propor- 
tion; i.e., it is necessary to know the approximate composition of the 
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alloy before an accurate determination can be made. This is determined 

by 

The Preliminary Assay 


For this purpose heat a muffle/ Fig. 33, to a cherry-red heat, place a 
cupel weighing from 6 to 7 gMn the back part of it, close the muffle door, 
and heat the cupel until it has acquired the same color as the muffle. 
Then place 5 g of lead upon the cupel, close the muffle until the lead is 
melted, and then, with the aid of tongs, drop into the molten lead 0.25 g 
of the accurately weighed alloy enveloped in a small piece of lead foil, 
('lose the muffle until the alloy has melted and shows a bright upper 
surface. With the help of an iron hook, carefully shove the cupel to 
about the middle of the mufile and leave the door open so that there is 




ready access of air into 
the muffle. 

After about 20 min- 
utes all the lead will be 
absorbed, this condition 
being indicatc'd by the 
“ blick.” The blick is 
the brightening of the 
metal which appears 
when the outer layer of 
lead oxide that is con- 
stantly becoming thinner 



Fia. 33. 


Fig. 34. 


finally bursts and the bright noble metal shines through. Just before 
the blick there is a distinct iridescence, so that the point need never 
be mistaken. At once remove from the muffle and, after cooling, 
observe the color of the button. 

(a) If the button is greenish yellow or darker^ it contains less than 
3 parts of silver to 1 part of gold, in which case add from 4 to 6 parts 


1 A gas-fired muffle is shown in Fig. 33. Larger muffles are often heated by coal 
or coke. Today, however, it is common practice to heat muffles by electricity. 

2 A good cupel will absorb its own weight of litharge. During the cupellation 
about one-tenth of the litharge formed is lost by volatilization, so that the weight 
of litharge absorbed by the cupel is practically that of the original lead button. 
Figure 34 shows a cupel, together with its cross section. 
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of “ fine silver (the proper amount can be usually told by the prac- 
ticed eye) and heat again in a new cupel with 1 g of lead. Treat the 
button now obtained with nitric acid and weigh the residual gold. 

(6) If the button is pure whiter then 3 or more parts of silver are present 
to 1 part of gold. In this case it is immediately “ parted ” and the 
residual gold weighed. 

After the approximate amount of gold present has been ascertained, ‘ 
the analysis proper is made, the amount of lead indicated in the follow- 
ing table being used: 


Approximate Percentage 
of Gold in the Alloy 
100 
90 
80 
70 
60 
60 

40 or less 


Lead Table 

Grams of Lead Necessary for the 
Cupellation of 0.26 g of Alloy 
0.25 

2.50 

4.00 

5.50 

6.00 

6.50 
8 50 


The Final Assay 

For the definite determination of the gold and silver, take tv/o por- 
tions weighing exactly 0.25 g, the one to serve for the silver deter- 
mination and the other for the gold. Cupel the former with the correct 
amount of lead, and determine the weight of the gold-silver button. 

If the original alloy was very white, it contains more than 50 per 
cent (500 thousandths fine) of silver. 

If the alloy was greenish yellow, it probably contains 55-75 per cent 
of noble metal, and silver is present to a considerable extemt. If, 
however, the alloy was a beautiful yellow or reddish yellow, it contains 
more than 70 per cent of gold. 

For a white alloy, therefore, weigh out a quantity of pure silver 
equal to the weight of gold as indicated by the preliminary a.ssay (in- 
quartated with 1 part of silver), and cupel this mixture with the same 
amount of lead as the first portion. 


1 In assay laboratories the approximate gold content of the alloy is determined 
by its streak. A fine-grained piece of silicate is blackened with charcoal. The 
alloy to be tested is rubbed upon it and the color produced compared with that 
obtained from alloys containing known amounts of gold. Afterwards these streaks 
are tested with dilute aqua regia; alloys containing the same amounts of gold are 
attacked equally readily. 
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In the case of a greenish yellow alloy, inquartate^ with 2 parts of 
silver; and for a distinctly yellow or reddish yellow alloy, inquartate 
with 2i parts of silver. 


Treatment of the Gold-Silver Button 


Remove the gold-silver button from the cupel with the “button 
tongs,” clean with a stiff brush button brush ”), and hammer upon 
an anvil to a round disk about 1 mm thick (Fig. 35, a). Heat this 
upon a fresh cupel and quickly cool by placing it upon a piece of brass 
foil and rolling it between two steel rollers to a long strip (Fig. 35, h ) ; 
again heat and roll^ up as shown in Fig. 35, c. Place this little roll in 


A 



Fio. 36. 



a small flask (Fig. 36, I), cover with 30-40 ml of nitric acid {d 1.188) 
free from chloride, heat to boiling, and keep boiling gently for 10 min- 
utes. Pour off the acid, replace by the same quantity of stronger acid 
{d 1.295), and repeat the above treatment. After this pour off acid 
and wash the button, decanting three times with distilled water. Fill 
the flask with water, cover with an annealing cup (or, lacking this, an 
ordinary porcelain crucible may be used), and quickly invert (Fig. 36, 
II) ; the gold will pass into the cup. Remove the flask by first raising 
its mouth to the level of the water in the crucible and then slide it off 
at right angles and skilfully turn the flask right side up. Pour off 
the water from the gold and place the crucible in the back part of the 


iCf.p. 129. 

* By hammering, the gold-silver alloy becomes so brittle that it cannot be con- 
verted to a smooth-margined roll, and on the subsequent treatment with nitric acid, 
little pieces would probably drop off. Heating the metal again and then quickly 
cooling it restores its original softness. 
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muffle for a short time; the gold dries and is changed from its former 
brown and soft condition into a harder, beautiful yellow substance. 
Cool and weigh. By subtracting the weight of the gold from the 
weight of the gold and silver together, the amount of silver is determined. 


Determination of Gold in Ores 

Principle. The very finely ground and sifted ore is mixed in a No. 9 French 
crucible with lead oxide, charcoal, and some suitable slag-forming material. The 
charcoal reduces a part of the lead oxide to metal which alloys with the noble metal 
and sinks to the bottom in the form of a button, while the foreign substances pass 
into the slag. After cooling, break the crucible, hammer off the slag, cupel the lead 
button, and part the silver-gold button in the usual way. The noble metal should 
be extracted with as little lead as possible, for with an unnecessarily large amount 
of lead some gold is lost during the cupellation. 

The amount of lead reduced from the litharge depends largely upon the nature 
of the ore. Sulfide ores act strongly reducing, as is shown by the following equations: 

PbS + 2PbO - SO 2 + 3Pb 
FeSa + 5PbO = 2 SO 2 + FcO + 5Pb 

In such cases less charcoal (or in some cases none at all) should be added than 
would be otherwise necessary to produce the right amount of lead. Sometimes, 
when considerable sulfide is present, it is necessary to neutralize its action by the 
addition of oxidizing agents. 

Reducing ores are recognized by their color: they are gray, bluish black, or 
yellow (pyrite, etc.). Reddish brown ores (FcjOa) usually act oxidizing: 

FeaOs + C - CO + 2FeO 

in which case more charcoal must be added to the charge. 

The best results are obtained if the lead button weighs about 18 g when obtained 
from 30 g of ore.^ In order that such a button may be obtained, it is usually neces- 
sary to make a preliminary assay of the ore. But above all, it is necessary that the 
purity of the reagents used should be tested. 

Testing the Reagents 

The ordinary reagents necessary for a gold assay are: 

Litharge (PbO) 

Litharge, the most important reagent, is a basic flux, for it forms a 
readily fusible silicate with the silicic acid of the ore. At the same time, 
it is a desulfurizing agent, as is shown by the above reaction. 

The litharge used must be dry and free from minium, Pb 304 , which 
oxidizes silver, carrying it into the slag, so that low results would be 

^ This amount is usually sufficient; with very rich gold ores 10-15 g is enough, 
whereas with very ix)or ores as much as 120 g may be used to advantage. 
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obtained in the silver determination. The litharge should be free 
from silver (which it almost never is), or its silver content must be 
known; this is determined once for all by the following experiment: 
Mix 120 g of litharge, 60 g of sodium bicarbonate, and 2 g of argols 
(crude KHC4H4O6) upon a sheet of glazed paper; place the mixture 
in a No. 9 French crucible and cover with a layer of finely powdered, 
dry common salt. Place the covered crucible in a hot coke-oven. 

As soon as the contents of the crucible have reached the state of 
quiet fusion, remove the crucible from the fire, gently tap its walls with 
the tongs, and tap lightly upon its bottom to knock down any small 
particles of lead adhering to the sides and to make all the free metal 
collect together on the bottom in the form of a button. 

After cooling break the cnicible, remove the slag from the lead button 
by hammering it upon an anvil, and subject it to cupellation, using a 
cupel weighing only a few grams more than the button itself. Weigh 
the resulting silver button, and deduct this weight of silver whenever the 
corresponding amount of litharge is used in an assay. 

Sodium Bicarbonate {NaHCO^ 

Anhydrous Borax {Na2Bif)i) 

These require no testing. 


Charcoal 

The reducing power is determined as follows: Mix 60 g of litharge, 
15 g of sodium bicarbonate, and 1 g of charcoal, as in the testing of 
litharge, in a French crucible No. 9, cover with common salt, and fuse. 
After cooling, determine the weight of the lead button; this expresses 
in terms of lead the reducing power of the charcoal. 

One gram of charcoal should reduce about 30 g lead. 

Niter (KNOz) 

serves as an oxidizing agent. Its oxidizing power expressed in terms 
of lead is determined as follows: Mix 3 g of niter (potassium nitrate), 
60 g of litharge, 1 g of charcoal, and 15 g of sodium bicarbonate; fuse 
as before, and determine the weight of the lead button. If it was 
found that 1 g of charcoal would reduce P g of lead, and if p g of lead 
were obtained in this experiment, then the difference F — p shows the 
amount of lead that was oxidized by 3 g of niter, or the oxidizing power 
of the niter. 

One gram niter oxidizes about 4 g lead. 
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Common Salt 

Heat table salt in a large Hessian crucible until it melts, and pour 
the contents of the crucible into a shallow iron mold with a raised edge. 
Powder and preserve in a stoppered flask. 

After the reagents have all been tested the next step is the 

Preliminary Assay 

Weigh out 5 g of the fineb^ powdered and sifted ore and mix with 
80 g of litharge, 20 g of sodium bicarbonate, and 5 g of borax. Place the 
mixture in a crucible and cover with a layer of common salt. After 
fusing, cooling, and hammering off tlie slag, as already described, weigh 
the lead button. 

Since in an ordinary assay about 30 g of ore is taken, the weight 
of the lead button now obtained multiplied by (5 will give the weight 
of the button from the real assay. Four cases will be considered. 

(1) The Lead Button Weighs 3 g 

A button obtained from 30 g of ore would weigh 18 g. In this case, 
assay the ore with the following proportions of flux: 80 g of litharge, 
20 g of sodium bicarbonate, and 5 g of borax. 

(2) The Lead Button Weighs Less than 3 g 

Evidently the ore has a slight reducing action, but not enough to 
yield a button weighing 18 g when 30 g of ore is used; it is, therefore, 
necessary to add charcoal to the flux. 

Example. Assume that* the lead button obtained by the preliminary assay 
weighed 1 g, then the button obtained from 30 g of ore would weigh 6 g. In order 
to obtain a button weighing 18 g it is necessary to add enough charcoal to supply 
12 g of lead. If 1 g of charcoal is found to reduce 30 g of lead, then it is necessary 
to add 12 30 g = 0,4 g of charcoal. 

(3) The Lead Button Weighs More than 3 g 

In this case the ore has a strong reducing power, and to obtain the 
lead button of the right weight it is necessary to add some niter. 

Example. Suppose the button to weigh 6 g; this would mean a 36-g button 
when 30 g of ore is used; i.e., 18 g too much lead would be produced. We must add, 
therefore, enough niter to oxidize this 18 g of lead. If the oxidizing power of 1 g 
of niter is found to be 4 g of lead, then 18 -i- 4 - 4.5 g of niter must be added to the 
flux. 

Remark. Ores which have a very strong reducing power would frequently 
require the addition of enough niter to cause the contents of the crucible to boil 
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over. In such a case, place 40-60 g in a “ roasting dish,” roast in a muffle, and from 
this roasted ore take portions for the preliminary and final assays. The results, 
however, must be expressed in terms of the unroasted ore. 

(4) No Lead Button Is Formed 

The ore is either neutral or possesses an oxidizing action. Repeat 
the assay using 1 g of charcoal, and base the final assay from the results 
now obtained. 

Final Assay 

For convenience, it is customary to weigh out the ore in assaydon 
units. Ore is usually weighed in avoirdupois tons and gold in troy 
ounces. The assay report usually gives the ounces troy contained in 
a ton avoirdupois. Since there are 29,166 troy ounces in an avoirdupois 
ton, the assay ton is made equal to 29.166 g. Then if 1 assay ton of ore 
is used each milligram of gold obtained will represent 1 ounce 'per ton. 
For weighing out the ore an inexpensive balance (pulp balance) can be 
used. It should be capable of taking a load of 200 g but need not be 
sensitive to less than 1 mg. For weighing the gold or silver buttons, a 
button balance sensitive to 0.01 mg should be used. 

For the final assay use from 0.1 to 5 assay tons of ore (according to 
the amount of gold present) and the corresponding amount of the vari- 
ous fluxes. Otherwise the procedure is exactly the same as in the pre- 
liminary assay. Cupel the lead button and part the weighed silver- 
gold button as described on p. 132. 

Platinum, Pt. At. Wt. 196.2 

Platinum is best determined as metallic platinum. The following 
three cases will be considered : 

1. The platinum is present in a hydrochloric acid solution either alone 
or together with other metals, but other platinum metals are absent. 

2. The platinum is present alloyed with gold and silver. 

3. The platinum is alloyed with small amounts of the platinum metals 
together with small amounts of base metals. 

1. The Platinum Is Present in Hydrochloric Acid Solution Either Alone 
or Together with Other Metals 

The platinum is either precipitated from the solution as ammonium 
chloroplatinate, (NH4)2PtCl6, which is decomposed by ignition and the 
residual platinum weighed; or the platinum is precipitated as metal 
by the addition of reducing agents to the solution; or finally the plati- 
num is precipitated as sulfide by conducting hydrogen sulfide into the 
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hot solution and changed to platinum by ignition. The fii*st two methods 
serve to separate platinum from most other metals; the third serves to 
separate platinum only from the metals of the alkali, alkaline earth, 
and ammonium sulfide groups, and not from members of the hydrogen 
sulfide group. 

(a) Precipitation of Platinum as Ammonium Chloroplatinate 

Reduce the volume of the solution as much as possible by evapora- 
tion; nearly neutralize with ammonia; add an excess of ammonium 
chloride and considerable alcohol. Allow the mixture to stand 12 hours 
under a glass bell jar. Filter through an asbestos filter tube 10-15 cm 
long and wash with 80 per cent alcohol until a few drops of the filtrate 
leave no residue on being evaporated to dryness on a platinum foil. 
Dry the precipitate by conducting a stream of air, warmed to about 
90°, through the tube. After cooling weigh the tube, introduce a plug 
of ignited asbestos^ and again weigh; thus the weight of the asbestos 
plug is found. Conduct a stream of dry hydrogen through the tube, and 
heat the tube carefully until no more hydrochloric acid is evolved and 
all the ammonium chloride has been driven off ; then cool the tube in a 
desiccator and weigh. 

Instead of filtering the precipitate upon asbestos, an unweighed ash- 
less paper filter may be used. Place the moist precipitate and the filter 
in a large porcelain crucible so that the apex of the filter paper points 
upward, and heat very carefully, as otherwise there can be a (!onsidcrablc 
loss by spattering. At first dry the precipitate by gently heating the 
partly covered and inclined crucible with a tiny flame under the cover 
until the odor of alcohol has disappeared. Take care not to burn the 
alcohol. When all the alcohol has evaporated, slowly raise the tempera- 
ture until the crucible is at a strong red heat. During the whole opera- 
tion there must be no visible escape of vapors from the crucible. The 
decomposition is complete when there is no longer a penetrating odor 
arising from the crucible. Now place the crucible in an upright posi- 
tion and ignite with free access of air until the carbon from the filter 
paper is completely burned. Often a slight deposit of platinum^ will 

1 Ammonium chloroplatinate decrepitates during the heating. To prevent loss 
of substance heat it between two asbestos plugs. 

2 By means of the dry distillation of the filter, carbon monoxide is formed; and 
by the decomposition of the ammonium chloroplatinate, chlorine is set free. These 
two gases act upon the metallic platinum and form volatile compounds (PtCh’CO, 
PtCl2-2CO, and 2PtCl2-3CO), which, however, are later decomposed by the aqueous 
vapor. This causes the deposit of platinum in the upper part of the crucible. In 
order to avoid loss, a large crucible should be used. 
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be found in the upper part of the crucible and upon the cover, so that 
the cover must always be weighed with the crucible. 

Remark. If it seems likely that the precipitate of ammonium chloroplatinate 
is contaminated with other substances (e.g., sodium chloride, etc.) the precipitate 
can be dissolved in hot water after it has been washed with alcohol and dried. The 
platinum may then be determined, by boiling with a little mercury, filtering, 
washing with dilute hydrochloric acid and then with water, igniting the residual 
Pt, and finally weighing. 

The results obtained by this method are satisfactory but somewhat 
lower than the true values; the following process is more accurate: 

(b) Precipitation of Platinum by Reducing Agents 

Free the solution from any excess of acid by evaporation and transfer 
to an Erlenmcyer flask the neck of which is ground to fit a return-flow 
condenser. Neutralize the solution with ammonia, add an excess of 
formic acid and a little ammonium acetate, dilute to 200 ml, and heat 
to about 80° on the water bath until the evolution of carbon dioxide 
has nearly ceased. Now connect the flask with the return-flow con- 
denser, and boil for 24 hours. Filter off the precipitated metal, wash 
first with dilute hydrochloric acid then with water, dry, ignite, and 
weigh. 


2. Determination of Platinum in Alloys 

Platinum is now used a great deal in jewelry, and there are so many 
useful alloys of platinum that the analysis has become of importance. 
The platinum content is almost always determined by dry assay. 

Weigh out d.l g of the alloy and make a trial assay to determine 
the approximate platinum content. Cupel twice with 1-g portions of 
lead at a high temperature (well back in the hot muffle), weigh the 
resulting button, and part with sulfuric acid as described below. For 
the analysis proper, weigh out 0.25 g of alloy; add 1.25 g of pure silver 
and the same quantity of copper. Cupel at a white heat, using 15 g 
of lead if the alloy is nearly pure platinum and reducing the quantity 
of lead by 0.15 g for each per cent of alloyed metal but using at least 2 g. 

After the cupellation place the button on a fresh cupel and heat 2-5 
minutes in the hottest part of the muffle. Hammer out the button 
and roll it until it is 0.2 mm thick. Part the button in a small Jena 
flask, using 20-30 ml of concentrated sulfuric acid which has been 
diluted with 22 per cent of water by volume. Heat the metal with the 
sulfuric acid for 15 minutes at 240°. Nitric acid could not be used 
for the parting as it dissolves some platinum as well as silver. By 
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boiling platinum with pure concentrated sulfuric acid, 7.7 mg is dissolved 
in an hour but dilution prevents the dissolving. By keeping the tem- 
perature at 240° there is no appreciable loss of platinum. 

After the heating allow the acid to cool, carefully decant off the 
liquid, and repeat the acid treatment twice more. To avoid loss by 
bumping during the second and third treatments, wind a piece of 
pumice with platinum wire and drop it into the tlask. After the third 
treatment, decant off the acid and wash the residual platinum twice 
by decantation with water. During the decantation some platinum 
always flows off with the licpiid. 8av(‘ the washings, then'fore, filter 
through a small filter, ignite, and weigh in a crucil)le. Transfer most 
of the platinum to a porcelain crucihh', rins(‘ off the pumice, and evapo- 
rate off the water. Ignite and weigh. 

Separation of Platinum from Gold 

Parting with sulfuric acid leaves gold, if present, with the platinum. Parting with 
nitric acid does not dissolve platinum in tlie absence of silv('r hut, if 3 parts by 
weight of silver are present for each part of gold and platinum, the platinum gradually 
dissolves. 

Procedure. Cupel the platinum-gold button, obtained by the 
above method of assaying, with 3 times its w(*ight of pure silver and 
1 g of lead. Hammer and roll the resulting button and part with 
6 N nitric acid. Weigh the button, in(|uartat() with 3 j)arts of silv(‘r, 
and again cupel with 1 g of^ lead. This tim(^ part with 9.5 N nitric 
acid. Repeat the inquartation and parting until a (jonstant weight 
of gold is obtained. 

Instead of separating gold and platinum in this way, the button can 
be dissolved in aqua regia and ihv, gold i)recipitatcd by ferrous sulfate 
as described on p. 128 or the gold may be thrown down from an alkaline 
solution by means of hydrogen peroxide. It may l)e nec(\ssary to dis- 
solve the gold in atjua regia and repeat the precipitation, lo determine 
the platinum, precipitate it as sulfide by intnxhicing hydrogen sulfide 
into the hot acid filtrate and weigh as metal after ignition in a porcelain 
crucible. 

PALLADIUM, Pd. At. Wt. 106.7 

In the older methods of analysis, palladium was usually determined as metal. 
Although some palladia salt is formed when the metal is dissolved in aqua regia, it is 
reduced to bivalent paUadous chloride, PdCb, on evaporating with concentrated 
hydrochloric acid. From a slightly acid solution of palladous chloride, the free 
metal can be deposited easily by heating with sodium formate solution or by passing 
carbon monoxide into the cold, slightly acid solution. The deposited metal can be 
filtered off, ignited, and weighed. Palladium also forms some in.soluble salts that 
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can be used for quantitative analysis. Thus palladous cyanide, Pd(CN) 2 , palladous 
iodide, PdU, and palladous a-nitroso-/3-naphthol, Pd(CioH8N02)2, have been recom- 
mended for determining palladium. In the first two cases, the similarity of palladous 
salts to silver salts will be noticed, and in qualitative analysis palladium is precipitated 
in the first group. In the case of the a-nitroso-/S-naphthol compound, the analogy to 
cobalt will be noticed. This is not surprising, for palladium, hke cobalt, belongs 
in the eighth group of the periodic table of the elements. Today, the most charac- 
teristic reagent for palladium is dimethylglyoxime, which is used so much for deter- 
mining nickel, another eighth-group element. By means of this reagent, it is possible 
to separate palladium from the other platinum metals; and the precipitate can be 
weighed. Gold must be absent or it will precipitate as metal. The only objec- 
tion that can be raised to dimethylglyoxime as a reagent for palladium is the fact 
that the precipitate is very voluminous and when much of it is present it may be 
difficult to handle. In such cases precipitation of the cyanide or of the iodide can 
be used. Both Pd(CN )2 and Pdl 2 are sufficiently insoluble to provide satisfactory 
separations. The iodide is soluble in an excess of potassium iodide solution so that 
care must be taken to use only a slight excess of reagent, and rhodium iodide, RhU, 
may precipitate if much rhodium is present. Potassium iodide also gives a deep red 
color with H 2 PtCla on account of the formation of H 2 Ptl 6 ; this reaction has been 
recommended for detecting platinum. 

1. Determination with Dimethylglyoxime 

Procedure. To the moderately acid solution (it can be 0.25 N in 
HCl or HNO3) containing not more than 0.1 g of Pd in 250 ml, add at 
room temperature a 1 per cent solution of dimethylglyoxime in 95 per 
cent alcohol. For each milligram of palladium present, use about 0.25 
ml of the reagent (0.0025 g of solid). Allow the solution to stand for 
half an hour at about 40° or for an hour at room temperature and then 
filter through a weighed Gooch crucible. To the filtrate add a little 
more of the reagent to make sure that the precipitation is complete. 
Wash the orange-yellow precipitate of Pd(C4H7N202)2 thoroughly, 
first with cold and then with hot water, dry at 110°, and weigh. The 
precipitate contains 31.67 per cent of palladium. 

If it is desired to repeat the precipitation, as is sometimes necessary when much 
platinum is present, filter through a paper filter and digest the precipitate with 25 
ml of aqua regia which has been diluted with an equal volume of water. Dilute, 
filter, burn the filter, digest the ash with aqua regia, dilute, and filter into the main 
solution. 

If more than 0.1 g of palladium is present, it is well to work with an aliquot part 
of the solution, or an ashless filter paper can be used for filtering off the bulky pre- 
cipitate. Transfer to a weighed porcelain crucible, dry, ignite slowly, and cool in a 
stream of hydrogen. Finally uncover the crucible and heat momentarily to redness 
to drive off most of the occluded hydrogen from the palladium metal. (If a metallic 
sublimate forms on the sides of the crucible, the ignition has not been properly done.) 
Moisten the residue with 2 or 3 drops of formic acid, and heat the crucible and its 
contents on a hot plate to evaporate off the excess formic acid, and finally weigh as Pd. 



SEPARATION OF THE SIX PLATINUM METAI5 


141 


2. Precipitation of Palladium by Formic Acid 

To the fairly dilute solution add sodium formate solution, cover with 
a watch glass, and heat carefully over a free flame. Carbon dioxide is 
evolved, and shortly the palladium is precipitated as a fine black powder: 
PdCl2 + HC02Na = NaCl + HCl + CO2 + Pd. The finely divided 
metal is appreciably soluble in hydrochloric acid. After the evolution 
of gas has ceased, therefore, add sodium carbonate solution until a 
neutral or faintly alkaline reaction is obtained. Filter and wash the 
palladium with hot water. Place the moist filter and precipitate in a 
porcelain crucible and carefully ignite, finally using the full heat of the 
burner. Cool and weigh. As a rule, there is a slight superficial oxi- 
dation of the metal as shown by blue or violet colorations, but the 
increase in weight is so small that it can be neglected. 

3. Precipitation of Palladium as Palladous Cyanide 

Nearly neutralize the solution with sodium carbonate and add an 
excess of mercuric cyanide: PdCb + Hg(CN)2 = HgCU + Pd(CN) 2 . 
Heat on the water bath until there is no more odor of hydrocyanic acid; 
allow the light yellow precipitate to settle; wash it by decantation 
and on the filter with cold water. Dry, ignite, and weigh as Pd. 

Separation of Palladium from Platinum 

Evaporate the hydrochloric acid solution to dryness. If any nitric 
acid was present, add more hydrochloric acid and again evaporate to 
dryness, because it is necessary for the success of this separation that 
all the palladium shall be in the bivalent condition. Otherwise, in- 
soluble (NH4)2PdCl6 will be formed together with the corresponding 
platinum compound. 

To the residue add a slight excess of solid ammonium chloride. 
Moisten with a little water, and after a short time add some saturated 
ammonium chloride solution (38 per cent). Stir well, allow to stand for 
some hours, then filter off the (NH4)2PtCl6 precipitate. Wash with 
strong ammonium chloride solution and treat the precipitate as de- 
scribed on p. 137. 

In the filtrate determine the palladium as the palladous salt of di- 
methylgly oxime. 

Separation and Determination of the Six Platinum Metals 

Platinum is the best-known member of a group of six noble metals. Their chemi- 
cal properties are quite similar, and the problem of separating them completely from 
one another is not an easy one. Arranged in the order of their atomic weights they 
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form two distinct groups: (1) Ru = 101.7, Rh = 102.9, Pd •= 106.7; (2) Os = 
190.2, Ir = 193.1, Pt = 195.2. 

Prior to about 1935, the procedure usually followed was based upon the work of 
Deville and Debray^ as modified by the painstaking Belgian chemist Jean Servais Stas 
(1813-1891),* who is famous for his atomic-weight determinations. This procedure 
not only was long and exacting but also required skill in operations which are not 
much used in the gravimetric determinations of tlie more common metals. 

Osmium and ruthenium are characterized by the fact that their oxides are volatile 
and can be easily distilled from acid solutions; OSO4 is more volatile than RuO^, 
and under proper conditions first one and then the other can be recovered. One 
of the most chara(;teristic platinum compounds is ammonium chloroplatinate, 
(NH4)2PtCl6, which can be heated and changed to Pt. The older methods depended 
largely upon the formation of this compound to separate platinum from the other 
metals, but Gilchrist and Wichers* have found that a better separation can be made 
by precipitating the palladium, rhodium, and iridium as the hydrated dioxides and 
determining platinum in the filtrate. 

1. Separation and Determination of Osmium 

Distilling Apparatus. The 700-ml flask A shown in Fig. 37 is provided with a 
ground-glass stopper with three openings which carry a tube through which air can 
be introduced, a dropping funnel, Ti, and an exit tube which leads the distilled vapors 
to the three 300-ml Erlenmeyer flasks B, C, and D. Each of these flasks is provided 



Fig. 37. 

with a ground-glass stopper carrying inlet and exit tubes so that the gases evolved 
from the flask A do not come in contact with rubber or even stopcock lubricant; if 
OSO4 comes in contact with organic matter it is fikely to decompose with deposition 
of grayish black 0s02. The joints are sealed with a film of water. Between the 
receivers B and C the glass tubing is connected with a dropping funnel Tt through 
which fresh SO2 + HCl solution can be introduced. The only part of the apparatus 


I CompL rend., 87, 441 (1878). 

* Proems verbaux du comit4 intern, des poids et mesures (1877-1879). 
» J, Am. Chem. Soc., 67, 2565 (1935). 
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that is greased is the stopcock below the dropping funnel Ti. During the distillation 
it is well to flush out with water the tubing below Ti to remove any OSO4 that may 
have diffused into it. The stem of this dropping funnel should have a diameter 
which will allow a column of water to be held in it. 

1. Removal of Osmium as OSO4. Place 150 ml of G iV HCl which has been 
freshly saturated with SO2 in the absorption flask B and 50 ml of the same reagent in 
each of the flasks C and D. Place the solution containing the platinum metals* in 
the distilling flask A, Fig. 37, and dilute with water, if necessary, to 100 ml, and add 
through Ti 40 ml of 7.5 N HNOs. Flush the funnel and tubing with 10 ml of water. 
Pass a slow current of air through the apparatus, by applying suction at the exit end, 
and heat the solution in A to boiling. Continue; boiling for an hour. This should 
suffice to remove as much a.s 0.2 g of Os if it is present as an alkali salt of HOsO^ or 
of HaOsBre, but if a salt of H20sCl« is present, the process may require 7 or 8 hours. 
In that case, it is better to distil from concentrated II2SO4 or from concentrated 
H2SO4 and a little HNO3 when ruthenium is kiu)wn to be ab.sent. Most of the 
OSO4 will be absorbed in the first receiver, and the liquid remaining in the distilling 
flask will contain all the Ru, Pt, Pd, Rh, and Ir. 

2. Determination of Osmium. Unite the three portions of absorbing solution and 
evaporate as far as possible on a steam bath in an unetched beaker. Add to the moist 
residue 10 ml of concentrated HCl, digest 15 minutes, and evai)orat(; again. Repeat 
this treatment 3 times more to insure complete decomposition of any sulfite compound 
of osmium. Dis.solve the moist r(;sidue from the fifth evaporation in 150 ml of water; 
heat to boiling and add a clear 10 per cent solution of NaHCOs until a precipitate 
appears and suddenly coagulates. Add a few drops of 0.04 per cent bromophcnol 
blue and add more NaHCOa solution dropwise to pll -- 4, whe n the (;olor will change 
from yellow to blue. Boil 5-10 minutes to insure complete precipitation of'the 
reddish brown hydrated OsOa. 

Filter the solution through a Munroe platinum crucibh;,* and transfer the last 
portions of precipitate to the crucible with the aid of a rubber policeman which 
has been thoroughly wetted so that the precipitah; will not cling t(J it. In this case, 
do not use ashlcss filter paper to wipe out the beak(*r. Wash the precipitate with 
hot 1 per cent NIUCl solution and finally cover the precipitate with solid NH4CI. 
Add a few drops of the wash liquid, apply suction, and saturate the precipitate with 
NH4CI. Wipe off the coating of NH4CI that forms on the bottom of the crucible 
and place the platinum cap on the bottom. 

Cover the crucible with a Rose crucible lid (p. 67) preferably of quartz. Ignite 
a stream of hydrogen from a quartz delivery tube and insert the tube through the 
opening in the lid of the crucible. This will probably put out the flame and it must 
be lighted again; it is best done by bringing the flame of a Bunsen burner under the 
crucible. The hydrogen will now burn as it leaves the crucible. 1 he burning hydro- 
gen furnishes sufficient heat to dehydrate the precipitate without igniting it. After 
5 minutes, gradually heat the crucible until all NH4CI is expelled. Finally heat the 
precipitate strongly in hydrogen for 10 minutes to complete the reduction to metal. 
Remove the burner and allow the crucible to cool somewhat. Extinguish the flame 


* Platinum and palladium are easily dissolved in aqua regia. Osmium, ruthenium, 
iridium, and rhodium are attacked best by an oxidizing fusion (NajCO, + KNO,) or 

by heating with NaCl in an atmosphere of CI2. ^ u • • • 

* A porcelain crucible with asbestos filtering pad is less satisfactory for the ignition 
in hydrogen. 
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by stopping the flow of hydrogen for a moment, then start the flow again and allow 
the crucible to cool to room temperature in an atmosphere of hydrogen. Now 
replace the Hj with an inert gas such as CO2, as otherwise there will be some oxidation 
when the reduced metal is first exposed to the air. Weigh as Os. 

II. Separation and Determination of Ruthenium 

Transfer the solution remaining in the flask A, Fig. 37, to a beaker or casserole 
and evaporate to dryness on the steam bath. Add 5-10 ml of concentrated HCl and 
again evaporate; repeat the addition of HCl and evaporation until no more oxides of 
nitrogen are evolved. Dissolve the last residue in 25 ml of water, add 10 ml of con- 
centrated H2S0<, and evaporate on the hot plate until H2SO4 vapors are evolved. 
Cool, carefully dilute with 10 ml of water, and transfer the solution back to the 
distilling flask A ; if any platinum has deposited during the evaporation make sure 
that this is washed into the flask. Dilute with water to 100 ml, add 150 ml of 10 per 
cent KBrOa solution, and distil as described under (I) with fresh portions of HCl — SO2 
in the three receivers. To make sure that excess SO2 is present in the receivers, add 
from time to time a little saturated SO2 solution through the funnel T2. Remember to 
flush out the tubing under Ti occasionally. After 90 minutes' slow distillation in a 
gentle current of air, add 25 ml more of 10 per cent KBrOs solution and distil for 
another hour. This will serve to remove 0.15 g of ruthenium. 

Combine the three portions of absorbing solution in the flasks R, C, and D and 
evaporate in a beaker on the steam bath. To the moist residue add 10 ml of con- 
centrated HCl and digest in the covered beaker on the steam bath for an hour. Add 
50 ml of water and heat to boiling to dissolve the difiicultly soluble ruthenium salt 
which forms during the evaporation. Filter off any small silicious residue (from the 
glass), wash the filter with 0.1 AT HCl, dilute the solution to 200 ml, and precipitate 
the ruthenium as hydrated RUO2 as described for osmium (see I, 2) but in place of 
the bromophenol blue indicator add 3-4 drops of 0.04 per cent bromocrcsol purple 
indicator solution, which changes from yellow to purple at about pH = 6. When 
this point is reached boil about 5 minutes to coagulate the precipitate. 

Convert the RUO2 to Ru as in the case of osmium (I, 2) but with these differences: 
Use ashless filter paper for filtering, and remove the last traces of precipitate from 
the walls of the beaker with filter paper. Wash the precipitate with hot 1 per cent 
(NH 4)2804 in place of NH4CI and finish with a 2.5 per cent solution. Ignite the 
precipitate carefully in air in a weighed porcelain crucible and then in hydrogen. 
After the first ignition in hydrogen, cool and leach the residue with water to remove 
traces of soluble salt and again ignite in air and in hydrogen. Weigh as Ru.^ 

III. Separation and Determination of Platinum 

1. Preparation of the Solution, (a) The solution in the distilling flask from which 
OsOi and RUO4 have been removed will contain platinum, palladium, rhodium, and 
iridium together with H2SO4, NaHS04, Br2, and possibly some undecomposed 

* Rogers, Beamish, and Russell, Ind. Eng. Chem., Anal. Ed., 12 , 561 (1940), prefer 
to absorb the RUO4 in 3 per cent H2O2 (free from acetanilide). Then, upon making 
the solution 0.2 N in HCl and HBr and boiling, the Ru can be precipitated with a 
slight excess of thioglycolic-/9-aminonaphthalide dissolved in a little alcohol (a. 
little more than 2 moles of the thionalide per mole of Ru). After washing with alcohol 
the precipitate can be ignited in air and then in hydrogen and weighed as Ru. 
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bromate. Transfer to a beaker and carefully add concentrated HCl to decompose any 
bromate. Evaporate the solution on the steam bath and add more HCl to make 
sure that all bromate is decomposed. If the distilling flask is stained with IrOj, clean 
it with 5-10 ml of aqua regia and, before adding this acid to the main solution, 
evaporate with HCl to decompose nitroso compounds. Finally evaporate the entire 
solution as far as possible on the steam bath and then dilute to 300 ml with water. 

(6) If a solution containing no osmium or ruthenium is to be analyzed, leave out every- 
thing up to this point and start the analysis as follows: Evaporate to a moist residue 
on the steam bath and, if nitric acid or a nitrate was present, add to the residue 5 ml 
of concentrated HCl and evaporate again. Add 2 g of NaCl and 5 ml of concentrated 
HCl and evaporate to dryness. To this residue add 2 ml of concentrated HCl and 
dilute with water to 300 ml. 

2. Removal of Palladium, Rhodium, and Iridium as Hydrated Dioxides. Heat the 
solution to boiling and add 20 ml of 10 per cent NaBrOs solution. Carefully add 10 
per cent NaHCOs, until the solution, which is usually a dark green in color, shows 
evidence of the formation of a permanent precipitate. Test the acidity of the hot 
solution from time to time by allowing a drop of 0.01 pt^r cent bromocresol purple to 
run down a stirring rod which has just been lifted out of the solution. Enough 
NaHCOs has been added when the pH of the solution has been raised to 6; then the 
indicator solution will change from yellow to blue when it meets the drop of solution 
that adheres to the bottom of the stirring rod. Now add 10 ml more of 10 per cent 
bromate solution and boil 5 minutes. To make sure that all palladium is precipi- 
tated, increase the pH of the solution to about 8 by adding more NallCOa solution 
dropwise until a faint pink color is produced in a test drop with a drop of 0.01 per 
cent cresol red indicator solution. Add a final 10-ml portion of 10 per cent bromate 
solution and boil 15 minutes. Filter through a porcelain or glass filtering crucible 
which has a solid side and porous bottom. 

Rinse the beaker and wash the precipitate with 1 per cent NaCl solution of pH 
between 6 and 7 ; the acidity should not exceed the point at which bromocresol indi- 
cator changes from blue to yellow. Use the filtrate for the determination of platinum 
and the precipitate for palladium, rhodium, and iridium. 

The precipitate of hydrated PdOz, Rh02, and IrOz may contain a little platinum. 
To recover this, place the crucible, precipitate, and stirring rod in the beaker used for 
the precipitation. Cover with a watch glass and add 10-20 ml of 12 N HCl. Heat 
on the steam bath until all the dioxides have dissolved. Carefully lift up the crucible 
with the stirring rod, wash it with water, and transfer to a small beaker. Add to it 
6 ml of 12 A HCl and heat on the steam bath to leach out small quantities of metal 
chlorides in the porous bottom of the crucible. Pour off the acid into the main solu- 
tion and leach once more with acid. To the combined solution add 2 g of NaCl, 
evaporate to dryness on the steam bath, dilute to 300 ml with water, and rep>eat the 
precipitation of the hydrated oxides of Pd, Rh, and Ir. Two such precipitations serve 
to effect complete separation of platinum from palladium, rhodium, and iridium. 

3. Precipitation of Platinum as PtSz. Add 20 ml of 12 N HCl to each of the filtrates 
from the hydrolytic precipitation described under (2). Heat until there is no more 
evolution of CO 2 , combine the two solutions, and evaporate to dryness. Make 
certain that all bromate is destroyed by adding 5 ml more HCl and again evaporating. 
Dissolve the residue in 100 ml of water, filter if necessary, and wash with 0.1 N HCl. 
Add 20 ml of 12 N HCl, heat to gentle boiling, and pass a rapid stream of HjS through 
the solution. Allow the solution to cool somewhat while continuing the passage of 
the gas. Filter through a paper filter, wash with 0.1 N HCl, and transfer the dried 
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PtSa precipitate to a weighed porcelain crucible. Ignite carefully, leach the residuaJ 
metal with 0.1 N HCl, filter, ignite again, and weigh as Pt. The precipitate will 
contain a very little sulfide. 

In work of the highest accuracy, dissolve the metal in aqua regia, remove nitroso 
compounds by adding HCl and evaporating to a moist residue, dilute, filter, wash the 
residue with 0.1 HCl, dilute to 100 ml, and add 3 g of sodium acetate and 1 ml of 
formic acid for each 0.25 g of Pt. Boil gently until the deposited platinum is well 
coagulated and the supernatant liquid is colorless. Filter, wash with a hot 1 per cent 
NH4CI solution, and heat in a porcelain crucible. Leach with acid as above to 
remove any soluble salt, filter, and ignite again. Weigh as Pt. 


IV. Separation and Determination of Palladium 

Dissolve the precipitate of hydrated dioxides obtained in III, 2, with HCl as 
described for the purification of the first precipitation of dioxides, filter the solution, 
and dilute to 400 ml. I'he solution can be as much as 3.5 N in HCl or HNOg. Add 
a sufficient volume of 1 per cent solution of dimethylglyoxime in 95 per cent ethyl 
alcohol to precipitate all the palladium (and provide a slight excess — for 0.1 g of Pd 
use 25 ml of reagent). Set aside for an hour, filter into a weighed Gooch crucible, 
wash with O.l N HCl and then with water, dry at 110°, and weigh as PdC 8 Hi 4 N 404 
with 31.67 per cent Pd. The precipitate is quite bulky, and if more than 0.15 g of 
Pd is present it is best to use an aliquot part of the solution. With small quantities 
of palladium an excess of 10 per cent reagent is recommended, but if a large quantity 
of palladium is present, a 10 per cent excess of solid dimethylglyoxime will contami- 
nate the precipitate. 

V. Separation and Determination of Rhodium 

Dilute or concentrate the filtrate from the palladium precipitate to exactly 500 ml 
and use half for the rhodium determination. To this add 10 ml of concentrated 
H 2 S ()4 and 3 ml of concentrated HNOs. Evaporate until heavy fumes of H 2 SO 4 
are evolved, cool, add more HNOs, and again heat to fumes. Continue this treat- 
ment until no more charring results and all the organic matter has been destroyed. 
Dilute the cooled solution with 20 ml of water and again evaporate to fumes to 
destroy any nitroso compounds that might interfere in the determination of rhodium. 

Dilute the cooled solution to 200 ml and heat it to boiling. Add dropwise a solu- 
tion of TiCla (Chapter XVI, Procedure 3) until a drop of the supernatant liquid ap- 
pears slightly purple. It is easy to find the end point if the beaker is held over a 
100-watt lamp and the liquid is stirred. The metallic rhodium quickly coagulates 
into a spongy mass. If much iridium is present, the end point can be determined by 
the lack of formation of any more precipitate and by the appearance of an orange 
color in the solution. Boil 2 minutes, filter through paper, and wash the rhodium 
with 0.9 N H 2 SO 4 at room temperature. 

Place the filter and precipitate in a 300-ml Erlenmeyer flask, add 10 ml of concen- 
trated H 2 SO 4 , char gently, and add 6 ml of concentrated HNOs. Heat and destroy 
organic matter as described in the previous paragraph, and again precipitate the 
rhodium as before with TiCL. Redissolve the rhodium as before, and, after the 
removal of organic matter, dilute the sulfuric acid with 20 ml of water and add 10 ml 
of concentrated HCl. Boil the solution 15 minutes to get the rhodium into a state 
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from which it can be precipitated as sulfide. During the treatment the color of the 
solution will change from yellow to rose. Filter and wash with 0.1 iV HCl. 

Dilute the solution to about 450 ml, precipitate the rhodium as sulfide (RhaSs or 
Rh(SH)8), and ignite to metal as described for platinum under III, 3 . 

VI. Determination of Iridium 

The iridium can be determined in the filtrate from the rhodium precipitation with 
TiCls. This involves (a) removal of the excess titanium with cupferron (see p. 155), 
( 6 ) destroying the organic matter by treatment with H 2 SO 4 -f HNOj as described 
under V, (c) precipitating the iridium as hydrated IrOa as described under III, and (d) 
igniting the hydrated IrOa first in the air and finally in hydrogen as described for 
osmium under I, 2 . This method is capable^ of high accuracy, but it is much simpler 
to take the filtrate from the palladium determination, make up to a definite volume, 
and use one aliquot part for the rhodium determination and another for determining 
rhodium and iridium together, as follow's: 

Precipitate the rhodium and iridium as hydrated dioxides as described under III, 2, 
but for washing the precipitate use a hot 1 per cent NH 4 CI solution which is neutral 
to bromothymol blue instead of the NaCl solution. Impregnate the dried filter and 
precipitate with a few drops of saturated NIRCl solution to prevent deflagration, 
and carefully ignite to a mixture of oxides. Heat this in hydrogen as described under 
I, and weigh the metallic residue of Rh + Ir. Make a correction for the quantity 
of Rh present as found under V. 

When the above procedure was tested by numerous analyses made at the National 
Bureau of Standards for quantities up to about 0.2 g of each metal, the results were 
excellent. Two grams of platinum is easily handled. 
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GROUP III OF CATIONS 

ALUMINUM, CHROMIUM, TITANIUM, IRON, URANIUM, NICKEL, 
COBALT, ZINC, AND MANGANESE 

(fl) DIVISION OF THE SESQUIOXIDES 
ALUMINUM, CHROMIUM, IRON, TITANIUM, AND URANIUM 

Aluminum, A1. At. Wt. 26.97 
Forms: AI2O8, AIPO4, A1(C9H60N)3 
1. Determination as AI2O3 

To determine aluminum as oxide, it is precipitated as the hydrated oxide which, 
as van Bemmelen has shown, is really Al208*a:H20 rather than the hypothetical 
A1(0H)3. 

The hydrated oxide is amphoteric and tends to form colloidal solutions. Because 
of its amphoteric nature it is best precipitated, as Blum* has shown, by keeping 
the hydrogen-ion concentration at about 10"^ as it is in pure water. Owing to 
the colloidal nature of the precipitate it is advisable to have ammonium salt in the 
solution and to wash the precipitate with water containing ammonium salt. The 
ammonium salt also prevents the precipitation of magnesium hydroxide by repressing 
the ionization of ammonium hydroxide. 

Procedure. To the solution containing at least 5 g of ammonium 
chloride per 200 ml, or an equivalent quantity of hydrochloric acid, add 
a few drops of methyl red indicator (0.2 per cent alcoholic solution) 
and heat just to boiling. Add 6 N ammonium hydroxide until the 
color of the solution changes to a distinct yellow. Boil for 2 minutes 
and filter promptly. Wash the precipitate thoroughly with hot, 2 per 
cent ammonium nitrate solution. Ignite in an open crucible, cool, 
and weigh as AUOz. 

Since AlaOs is hygroscopic and difficult to weigh unless it has been heated above 
1100°, it is best to finish the ignition in an electric furnace which is heated to 1200°. 
The chief cause of high results, however, is not so much the absorption of moisture 
as it is contamination with silica from the action of the reagents on glass. 

The ammonia should be freshly distilled. When kept for any length of time in 
glass bottles it invariably contains a little dissolved silica which precipitates when 
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the ammonia is neutralized. Because of the solvent effect of acids and bases on glass, 
only glass of the borosilicate typ)e should be used in the chemical laboratory. 

According to Britton, aluminum hydroxide begins to precipitate at pH = 4.14 
and the precipitate is dissolved at pH = 10.8. The above treatment with ammonium 
hydroxide serves to keep the pH within these limits; methyl red changes color at 
pH = 4.4-6.0. Most separations of aluminum from other metal ions are based 
ujx)n the regulation of the pH. A salt of a weak acid added to the aqueous solution 
of an aluminum salt will serve to react with 11+ produced by hydrolysis and thus 
favor the completion of the reaction. The reaction is also helped if the weak acid 
is unstable and breaks down as fast as it is formed because, in accordance with the 
mass-action law, a reaction is favored by the removal of any product formed. 
ChanceP recommended sodium thiosulfate as a suitable salt: 

2A1+++ + 6H2O ->2Al(OH), + 6H+ 

6H+ + 3820,- 3SO2 T + 3S + 3H2O 

ChancePs Procedure. Add to the dilute, neutral solution (about 0.1 g 
A1 in 200 ml) an excess of sodium thiosulfate and boil until all traces of 
SO 2 are expelled. Add 6 N ammonium hydroxide'^ until its odor is 
barely perceptible after blowing away the vapors, and continue boiling a 
little longer. Filter off the precipitate of Al(OH )3 and S, wash it with 
hot 2 per cent ammonium nitrate solution, and ignite in a porcelain 
crucible. Such a precipitate of hydrated AI 2 O 3 is much denser than that 
produced by direct precipitation with ammonia and it is very easy to 
filter and wash. 

Alfred Stock^ accomplished the same thing by adding a mixture of 
potassium iodate and iodide. The reaction 

lOa' + 51" + 6H+ = 3 H 2 O 4- 3 I 2 

is very sensitive to hydrogen ions, and, moreover, the free iodine can 
be removed easily by adding sodium thiosulfate 

I 2 4“ 2 S 2 O 3 = S 4 O 6 4“ 2I 

Stock’s Procedure. The solution in which the aluminum is to be 
determined should be very slightly acid; if more acid is present add 
sodium hydroxide solution until a slight permanent precipitate is 
obtained. Redissolve by means of a few drops of hydrochloric acid. 
Add equal volumes of a 25 per cent potassium iodide solution and a 
saturated pK)tassium iodate solution (about 7 per cent KIO 3 ). After 
about 5 minutes, decolorize the solution by the addition of a 20 per cent 
sodium thiosulfate solution and add a little more of the potassium iodide 
and iodate mixture to make sure that enough is present. Add 1 or 2 ml 

^ Compt. rend., 46 , 987 ; Z. anal. Chem., 3 , 391 . 

* If the addition of ammonia is omitted, the solution will retain traces of aluminum. 

•Ber., 1900 , 548 . 



160 


GROUP III OF CATIONS 


more of sodium thiosulfate solution and heat the mixture half an hour 
on the water bath. The pure white precipitate settles out well and 
can be filtered through a filter with relatively wide pores, washed 
with hot 2 per cent ammonium nitrate solution, ignited, and weighed 
as AbOa. 

Remark. The presence of calcium, magnesium, or boric acid does not interfere 
with the above determination, but if phosphoric acid is present, aluminum phosphate 
is precipitated. It is obvious that the method cannot be employed in the presence 
of organic substances such as tartaric acid, citric acid, or sugar, which prevent the 
precipitation of hydrated alumina. 

Wynkoop^ and Schirm^ used ammonium nitrite as a suitable salt of a weak acid. 

2 A 1 +++ + 6IUO -> 2A1(0H)3 + 6H+ 

6H+ + 6NOr 6HNO2 6HNO2 3H2O -f.SNO + 3NO2 

Wynkoop and Schirm’s Procedure. If the solution is acid, add 
ammonia until the precipitate first formed dissolves only slowly on 
stirring. Add an excess of a 6 per cent solution of pure ammonium 
nitrite,* dilute the solution to 250 ml, and boil until no more fumes of 
nitrous oxides are evolved (about 20 minutes). Filter off the precipi- 
tate, wash with hot 2 per cent ammonium nitrate solution, ignite wet in a 
platinum crucible, and weigh as AbOa. 

Remark. In the presence of more than 1 per cent of ammonium salts, these are 
hydrolyzed enough so that the solution remains acid and the precipitation of the 
aluminum is incomplete even after long boiling. In such cases it is necessary to add 
some NH 4 OH to accomplish complete precipitation. 

2. Determination as AIPO4 

If a solution containing Al^'*"*', alkaline-earth ion, and phosphoric acid is carefully 
neutralized, AIPO4 will form before Al(OH)3 or alkaline-earth phosphate. If, how- 
ever, the pH is raised a little higher, the precipitate is likely to become one of alkaline- 
earth phosphate and Al(OH)3. In the ferric state, iron behaves like aluminum, and 
in the ferrous state like alkaline earth. 

It is quite common practice to determine aluminum in the presence of iron by 
reducing the iron to the ferrous state by sulfurous acid or sodium thiosulfate, adding 
ammonium phosphate, and then continuing the treatment with sodium thiosulfate 
as in the method of Chancel described on p. 149 . The results are not entirely satis- 
factory, but Lundell and Knowles^ have shown that the determination of small 
quantities of aluminum as phosphate can give very accurate and reproducible results. 
Their procedure is as follows: 


» J, Am, Chem. Soc., 19 , 434 ( 1897 ). 

*Chem. Ztg,, 1909 , 877 . 

• Sometimes the reagent contains a little barium which should be precipitated 
with ammonium sulfate before using it in an analysis. 

Am. Chem, Soc., 14 , 1136 ( 1922 ). 
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To 400 ml of a solution containing sufficient acid to make it 0.3 N 
in HCl, add 1 g of (NH 4 ) 2 HP 04 , or more if this does not provide a ten- 
fold excess. Prepare some macerated filter pulp by tearing up ashless 
filter paper into small pieces and shaking the paper in a stoppered 
fiask with a little water until a creamy emulsion is obtained. Add 
some of this paper pulp to the solution to aid in the filtration of the 
AIPO4 precipitate. Add a few drops of methyl orange indicator solu- 
tion and enough ammonium hydroxide to make the color of the stirred 
solution yellow. Then make acid with 1 ml of 6 A HCl, heat to boil- 
ing, and to the boiling solution add 30 ml of 25 per cent ammonium 
acetate solution. Boil 5 minutes, filter, and wash the precipitate with 
5 per cent ammonium nitrate solution until it is practically free from 
chloride. Ignite in an open porcelain crucible and weigh as AIPO4. 

3. Determination with 8-Hydroxyquinoline 

The use of this reagent is discussed briefly under “ Magnesium, in Chapter V. 
The aluminum salt of oxine can be formed in dilute acetic acid solutions which are 
buffered with ammonium acetate. The precipitate is easier to filter than aluminum 
hydroxide or phosphate, and some useful separations of aluminum from other ele- 
ments can be accomplished with this organic reagent. 

Procedure. Heat the solution, containing not more than the equiva- 
lent of 0.1 g AI 2 O 3 and one or two drops of mineral acid per 100 ml, 
to about 70° and add an excess of the reagent (cf. Magnesium'O* Slowly 
add 2 N ammonium acetate solution until a permanent precipitate is 
formed, and then add 20-25 ml more. Allow the precipitate to settle, 
filter through a weighed Gooch crucible, wash with cold water, dry at 
120-140°, and weigh as A1(C9H60N)3 containing 11.1 per cent of AI 2 O 3 . 
The precipitate can also be dissolved and the 8-hydroxyquinoline deter- 
mined volumetrically (cf. Magnesium ”)• 

4. Determination of Small Quantities of Aluminum 

The most satisfactory test for very small quantities of aluminum is the formation 
of a red lake with aurin tricarboxylic acid, to which dye the trivial name aluminon 
has been given. This test (see Vol. I) can be made the basis of a colorimetric deter- 
mination of aluminum by comparing the result obtained in the unknown solution 
with that obtained under similar conditions with known quantities of aluminum. 

The test is best made by adding the reagent to an acetic acid solution containing 
aluminum and then adding an ammoniacal solution of ammonium carbonate. Under 
these conditions the final color of the dye alone is a pale yellow but the presence of 

aluminum causes a pink to deep red color. 

A similar lake is formed with beryllium. Iron, the chief interfering element, miwt 
be absent because small quantities of iron give a purplish red tint. Large 
of phosphate prevent the formation of the aluminum lake. Silicon, bismuth, lead. 
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antimony, mercury, and titanium give white precipitates. Large quantities of alka- 
line earths, basic salts, or hydroxides of chromium, yttrium, lanthanum, cerium, 
neodymium, erbium, zirconium, scandium, or thorium give red lakes but, fortunately, 
these are either dissolved or decolorized by ammonium carbonate. Cadmium, zinc, 
manganese, nickel, and cobalt give no precipitate. Reducing agents cause a fading 
color, but small quantities can be present if the color comparison with standards is 
made promptly. In short, the colorimetric determination of less than 0.1 mg of 
aluminum by means of aluminon is very satisfactory when no interfering ion is present 
but there are so many possibilities of interference that anomalous results are often 
obtained. The results are perfectly satisfactory in dilute solutions containing only 
aluminum salt in solution but in practice the chief problem lies in removing the 
interfering substances without, at the same time, removing a part of the aluminum.* 

Colorimetric Procedure. For the test, prepare a solution containing 
0.005 to 0.1 mg of aluminum in 20-30 ml of 0.5 iV hydrochloric acid. 
Usually this represents an aliquot part of a more concentrated solution. 
Iron, beryllium, and large quantities of any of the above-mentioned 
interfering elements must be absent. Add 10 ml of 6 iV acetic acid 
and 5 ml of a 0.2 per cent solution of aluminon. Slowly add, while 
stirring, a 10 per cent solution of (NH4)2C03 in 6 iV NH4OH until an 
excess of 5-10 ml is present (about 15 ml should be sufficient). Com- 
pare the color with standards which contain known quantities of alumi- 
num with the same quantities of hydrochloric acid, acetic acid^ aluminon^ 
and ammonium carbonate reagent as were used in the test. Nessler 
tubes are convenient for the comparison, which is best made by looking 
downward through the entire solution against a white surface. 

Aluminum is precipitated by tannin in the presence of alkali acetate as a volumi- 
nous tannin adsorption complex, and the precipitation is not prevented by tartaric 
acid. This procedure is described later (see p. 222). 

IRON, Fe. At. Wt. 66.86 
Forms : Ferric Oxide, Fe 203 , and Metallic Iron 
Determination as Fe 203 
1. By Precipitation with Ammonia 

The precipitation of ferric iron by means of ammonium hydroxide can be accom- 
plished as described under “ Aluminum," but when only iron is present it is not neces- 
sary to keep the solution so near the neutral point because ferric hydroxide is not 
appreciably dissolved by an excess of ammonia and does not form a colloidal solu- 
tion when washed with a moderate amount of hot water. The same precautions as 
described under “ Aluminum " should be taken with regard to the use of freshly dis- 
tilled ammonium hydroxide and the use of the best grades of glass that are not 


* Cf. Lundell and Knowles, Ind. Eng. Chem.^ 18, 60 (1926); Yoe and Hill, J. Am. 
Chem. Soc., 49, 2395 (1927). 
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attacked to any extent by dilute bases. The precipitate is rather bulky; an ordinary 
9-cm filter will hold only about 0.2 g of iron as hydrated oxide. 

Procedure. Heat the solution to* about 70°, and at a volume of 
200-300 ml precipitate hydrated ferric oxide by the addition of a slight 
excess of 6 iV ammonium hydroxide. Allow the precipitate to settle 
and wash it twice by decantation with 50-ml portions of hot water. 
Transfer the precipitate to the filter with the aid of a rubber policeman 
and wash it on the filter with hot 2 per cent ammonium nitrate solution 
until free from chloride. Do not wash with ammonium chloride solu- 
tion because ferric chloride is volatile upon ignition. Ignite slowly and 
carefully in an open porcelain or silica crucible and weigh as FeaOs. 

Remarks. It is not advisable to heat the precipitate over the blast because 
Fe804 is formed at high temperatures. This magnetic oxide is also formed if the 
carbon of the filter is not consumed at a low temperature. When once formed it 
cannot be changed back to the less stable Fe20j by heating. The color of the ignited 
oxide does not indicate the presence of magnetite, for pure ferric oxide is nearly black 
after strong ignition. The ignited oxide is difficultly soluble in dilute hydrochloric 
acid but can be dissolved by long digestion with concentrated hydrochloric acid on 
the water bath. 

The formation of magnetic iron oxide during the ignition of ferric hydroxide is said 
to be prevented by stirring some ashless filter-paper pulp (see p. 151) into the liquid 
after the precipitation by ammonia. 

The wash bottle shown in Fig. 16 on p. 35 is useful for work with hot water or with 
bad-smelling wash liquids. It is well to wind the neck of the wash bottle with heavy 
curtain cord, if it is to be used for hot water. 

If the iron is in solution either as the ferrous or the ferric salt of a volatile acid, it 
can be readily converted into ferric oxide by evaporation with sulfuric acid and igni- 
tion of the residue. 


2. Determination as Metallic Iron 

Iron may be determined by electrolysis, but this method offers no 
advantages over the gravimetric method just described or the volumetric 
process (see Part II). 

In the analysis of oxidic iron ores or of mixtures of considerable 
iron oxide with comparatively little alumina, titanium dioxide, or 
silica, the following method is accurate and rapid. ^ 

Weigh the finely powdered* substance in a porcelain boat. Intro- 
duce the boat into a tube of difficultly fusible glass and heat to redness 
in a stream of dry hydrogen until no more drops of water condense 
on the cool, front end of the tube, and the contents of the boat appear 

'Rivot, Ann. chim. phys., [3] 30, 188 (1850); Ann., 78, 211 (1850). 

* Ferric oxide after having been powdered and ignited is so hygroscopic that the 
porcelain boat should be placed within a weighing beaker with ground-glass top 
immediately after removing it from the desiccator, and then weighed. 
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gray and not black. By this means the ferric oxide is reduced to 
metallic iron : 

FesOa + 3H2- = 3 H 2 O + 2Fe 

After cooling in the stream of hydrogen, again weigh the boat and its 
contents after they have remained some time in a desiccator. The 
loss in weight p represents the amount of oxygen originally combined 
with the iron, from which the amount of iron can be calculated: 

2Fe 

• p = 2227 p = weight of iron 

Ow 

Remark. In attempting to reduce ferric oxide to iron by means of hydrogen, 
it is very important to heat the oxide to briglit redness. At a dull red heat, the oxide 
is, to be sure, reduced to metal, but in such cjiscs black pyrophoric iron is formed 
which cannot be exposed to the air and weighed without becoming oxidized. By 
heating to a bright red heat, however, the iron becomes gray, is no longer pyro- 
phoric, and can, if allowed to cool in the stream of hydrogen, which is subsequently 
replaced by carbon dioxide, be safely weighed in the air without fear of oxidation. 

Although this method is extremely simple, and the corresponding oxides of alu- 
minum, chromium, titanium, zircon, etc., are not reduced under the same con- 
ditions, it should be used with caution and only when the ferri(j oxide greatly pre- 
dominates in a mixture of oxides. Otherwise the reduction of the iron is incomplete 
on account of some of the ferric oxide being enclosed within the particles of foreign 
oxide. This has been proved by the work of Daniel and Lcberle' and by Treadwell 
and Wegelin. Moreover, the above computation shows that the error in determining 
the weight of reduced iron is multiplied by 2.33 in the computed weight of iron. 

It is more accurate to dissolve the metallic iron in dilute sulfuric acid out of con- 
tact with the air and determine the amount present volumetrically by titrating with 
potassium permanganate solution. 

3. By Precipitation with Cupferron 

Cupferron, the ammonium salt of phenylnitrosohydroxylamine, has the formula 
CflHeN'NO'ONH^. It has found valuable use in (piantitative analysis because it 
precipitates ferric iron, copper, zirconium, (hafnium), quadrivalent uranium, tita- 
nium, vanadium, quadrivalent tin, columbium, and tantalum. Precipitation takes 
place in the presence of considerable mineral acid, and the reagent is useful in separat- 
ing the above-mentioned elements from aluminum, beryllium, j)hosphate, ^orate, 
manganese, nickel, and sexivalent uranium, all of which are likely to precipitate more 
or less completely when iron is thrown down as hydrated ferric oxide by the addition 
of ammonia. The use of cupferron was recommended strongly by O. Baudisch.* 

^Z. anorg. Chem., 34 , 393 (1903). 

* Chem. Ztg., 33 , 1298 (1909). See also Baudisch and King, Ind. Eng. Chem., 3 , 
629 (1911); Schroeder, Z. anorg. Chem:, 72 , 89 (1911); Nissenson, Z. angew. Chem., 
23 , 969 (1910); R. Fresenius, Z. anal. Chem., 50 , 35 (1911); Lundell and Knowles, 
Ind. Eng. Chem., 12 , 344 (1920); Auger, Compt. rend., 170 , 995 (1920); Mariel and 
Kamm, J. Am. Chem. Soc., 41 , 276 (1919); Holladay and Cunningham, Trans. Am. 
Electrochem. Soc., 43 , 329 (1923); Kling and Lassieur, Compt. rend., 170 , 1112 (1920); 
N. H. Furman, Ind. Eng. Chem., 16 , 1071 (1923); Pinkus and Claessens, Bull. soc. 
chim. Bdg., 31 , 413 (1927); H. Pied, Compt. rend., 179 , 897 (1924). 
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The reagent is used in the form of a 6 per cent aqueous solution. The solution should 
be made up as needed for it decomposes slowly with the formation of nitrobenzene. 
The dry reagent should be kept in a cool, dark place, preferably under a bag of 
ammonium carbonate suspended from the stopper of the bottle.* Germuth‘ states 
that the stability of the aqueous solution is increased by the addition of 50 mg aceto- 
phenetidide (C«H4-OC2H5 NH C2H30) per liter. 

The precipitates formed can be regarded as salts of phenylnitrosohydroxylamine 
in which the NH4 radical of the reagent is replaced by the cation which is precipi- 
tated. In accordance with Werner’s valence theory, the metal " is co-ordinated both 
with the oxygen of the OH group (by principal valences) and with the oxygen of the 
NO group (by subsidiary valences).”* On this basis, the ferric salt is a non-ionizable 


compound of the coordination formula 



The trivial name, cupferron, was suggested by Baudisch because it precipitates 
copper and iron from acid solutions and separates them from aluminum, chromium, 
manganese, etc. When the cupferron precipitates of iron and copper are washed 
with dilute ammonia, the iron compound is converted into insoluble hydrated ferric 
oxide and the copper compound dissolves with the formation of blue copper-ammonia 
ions. In the original filtrate, the excess cupferron can be destroyed by evaporating 
the solution and heating with sulfuric and nitric acids. 

Procedure. To 200 ml of solution containing 0.2 g or less of iron in 
the ferric state, add 20 ml of 12 AT IICl or 10 ml of concentrated sulfuric 
acid. Cool to about 10° and slowly introduce the cold G per cent cup- 
ferron solution while stirring until no more precipitation takes place. 
An excess of reagent is indicated by the formation of a temporary cloud 
of a fine, white precipitate which redissolves as contrasted with the 
flocculent and insoluble cupferron iron precipitate. Wlien this white 
precipitate of phenylnitrosohydroxylamine forms, add about a quarter 
as much more of the reagent to make sure that a liberal excess is present. 
Stir in a little macerated ashless filter-pap(U’ pulp, allow the precipitate 
to settle for about 15 minutes, and then filter. Wash the precipitate 
first with cold 2 N HCl (or H 2 SO 4 ) containing 1.5 g cupferron per liter. 
Then wash with dilute ammonia, to remove any copper and convert the 
iron to hydrated ferric oxide, and finally with water. Dry, ignite, and 
weigh as Fe 203 . 


The cupferron precipitate can be washed with water until free from acid and 
ignited directly without the treatment with dilute ammonia. This requires more 
attention as the precipitate on being heated tends to liquefy and effervesce. If the 
cupferron precipitate sticks to the sides of the beaker it can be loosened by adding a 
little ether and the iron recovered by pouring the ether into dilute ammonia. The 
precipitation with cupferron will take place in the presence of tartaric acid, but it is 


Chemist-Analyst, 17 , 3 (1928). 

Henry Bassett, The Theory of Quantitalive Analysis. 
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advisable to add permanganate to the acid solution until a permanent pink color is 
obtained, in order to make sure that the iron is all in the ferric state before precipi- 
tating with cupferron. 

4. Colorimetric Determination 

Very small quantities of iron are best determined by measuring in a colorimeter or 
in Nessler tubes the depth of red color produced by ferric and thiocyanate ions. 
Schlesinger and Van Valkenburgh^ think that the red color is due to the formation of 
the complex salt Fe[Fe(CNS)6]. This view is substantiated by the facts that the 
molecular weight in ether or benzene corresponds to this formula and in electrolysis 
the complex (Fe(CNS)6] ion migrates toward the anode. Most of the facts, how- 
ever, can be explained by the simpler assumption that undissociatcd Fe(CNS)8 is 
formed. For the production of the color a considerable excess of thiocyanate is 
desirable, and the solution should be between 0.05 and 0.5 N in hydrochloric or nitric 
acid. Sulfate is preferably absent, except in small quantities, because sulfate ions 
have a tendency to form complexes with ferric ions. 

Procedure. Prepare a standard solution containing 10 mg of Fe per 
liter. To do this take exactly 0.0100 g of pure iron wire, 0.0498 g of 
FeS04-7H20, 0.0702 g of FeS04*(NH4)2S04*6H20, 0.0864 g of Fe2(S04)3* 
(NH4)2S04-24H20, or 0.0902 g of Fc2(S04)3-K2S04-6H20, and dissolve 
in 20 ml of 3 N HCl. Dilute the solution somewhat and add 
0.1 AT KMn04 to the cold solution un£il a slight excess is shown by the 
pink color. This is to make sure that all the iron is in the ferric state. 
Transfer the solution to a liter volumetric flask, dilute to the mark, and 
mix by pouring back and forth at least 4 times into a large beaker which 
is dry at the start. 

In each of several 50-ml Nessler tubes place 10 ml of N KCNS solu- 
tion and an equal volume of 2 AT HCl. To one of these add an aliquot 
part of the ferric chloride solution to be tested and water up to the mark. 
To another add the standard ferric chloride solution from a buret until 
the color matches that of the unknown solution. Then make up to 
50 ml and add more of the standard if necessary. It is best to look down 
into the tubes, which should be placed against a white background. 

The color comparison can also be made in a colorimeter. The results 
are accurate to about 2 per cent of the actual iron content, and the color 
comparison is best made with solutions containing between 0.04 and 
0.1 mg Fe in 50 ml. It is possible to determine 0.001 to 1.0 mg of Fe 
in this way. 

Determination of Iron and Sulfur in Ferrous Ammonium Sulfate 

The determination of iron is one of the best known of all the gravimetric methods 
of analysis, and for many years it has been the custom to require most students of 

1 J. Am. Chem. Soc., 63, 1212 (1931). 
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analytical chemistry in the colleges of the United States to cany out an analysis 
of ferrous sulfate or of ferrous ammonium sulfate. In a sulfate solution, some 
basic ferric sulfate is often formed if the precipitation of ferric hydroxide is ac- 
complished by merely neutralizing with ammonia. It is the general practice, 
therefore, to dissolve the first precipitate in acid and repeat the precipitation with 
ammonia. 

It has been shown, however, that the formation of basic sulfate can be prevented 
if a considerable excess of ammonium hydroxide is used. 

Procedxire. Weigh out, to the nearest milligram, duplicate portions 
of 0.7-1.0 g into 400-ml beakers. Moisten the sample with 5 ml of 6 AT 
hydrochloric acid, dilute with 5 ml of water, and heat, if necessary, to 
dissolve the sample. Heat nearly to boiling, and to the hot solution 
add concentrated nitric acid, drop by drop, until all the iron is oxidized 
to the ferric condition. When the iron is partially oxidized, the nitric 
oxide combines with the excess of ferrous salt, forming a dark brown, 
unstable compound. Continue adding the nitric acid until the dark 
color fades and a clear yellow solution is obtained. Not more than 2 ml 
of nitric acid should be necessary.^ Boil gently for about 3 minutes to 
remove the reduced nitrous compounds. Dilute to about 200 ml and 
neutralize with ammonium hydroxide, finally adding 5-7 ml of concen- 
trated ammonium hydroxide in excess. Heat carefully to about 70° and 
allow the precipitate to settle. Filter through a filter that has an ash 
of less than 0.1 mg, wash the precipitate twice by decantation with 
50-ml portions of hot water, and finally with hot water from the wash 
bottle until free from chloride. Ignite slowly and carefully in an open 
porcelain or platinum cnicible and weigh as Fe 203 . Report the percent- 
age of iron present in the sample. 

Dilute the filtrate to about 400 ml, neutralize with hydrochloric acid, 
and add 25 milli-equivalents in excess. Heat to boiling and precipitate 
the sulfate as described under '' Sulfuric Acid” (Hintz and Weber). 

Titanium, Ti. At. Wt. 47.90 

Titanium occurs very commonly in rocks but usually only in small 
quantities. It occurs together with zirconium, cerium, and thorium 
and is very similar to zirconium in its chemical behavior. 

For the determination of small quantities of titanium the colorimetric 
method is very satisfactory except when large quantities of iron, phos- 
phorus, alkali salts, or even traces of vanadium are present. When 

1 Bromine or hydrogen peroxide can be used instead of nitric acid. If a black 
iron precipitate is obtained later upon adding ammonium hydroxide, owing to in^m- 
plete oxidation, add 10 ml of 3 per cent hydrogen peroxide and heat till the precipitate 
is reddish brown. 
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these elements interfere it is not advisable to try the colorimetric deter- 
mination until after they have been removed. 

When titanium is unaccompanied by other cations of this group it is 
best to precipitate it with ammonia. The precipitate of Ti(OH) 4 , or 
hydrated Ti 02 , is not dissolved by an excess of ammonia and is easily 
converted into Ti 02 by ignition. 

Usually it is necessary to remove titanium from interfering elements 
and then, after the separation has been accomplished, it is best to deter- 
mine the titanium volumetrically or colorimetrically. 

In Schoellcr and Powell’s method (cf. p. 222) titanium is precipitated 
as the red tannin adsorption complex from fairly acid oxalate solutions, 
which provides a quantitative separation from aluminum. The Gooch 
method depends upon adding alkali acetate and carrying out a basic 
acetate precipitation. The titanium precipitates in the presence of 
sufficient acetic acid to keep most of the aluminum in solution. The 
Baskervillc method is based upon the fact that a nearly neutral solu- 
tion of titanium and iron chlorides when boiled with sulfurous acid at 
moderate dilution gives a precipitate of titanium hydroxide while the 
iron remains in solution in the ferrous state. Thornton recommends 
the use of cupferron (ammonium nitrosophenylhydroxylamine). These 
methods will be discussed under the separations described a little 
farther on. 


1. Determination as Titanium Dioxide 

Precipitate with ammonia in the manner described under Iron ” 
(p. 153) or, to the nearly neutral solution, add 10 g of ammonium acetate 
and 10 ml of glacial acetic acid. Dilute to about 150 ml, heat to boiling, 
and filter. Wash the precipitate with 7 per cent acetic acid, ignite, and 
weigh as Ti 02 . 

Titanium is precipitated quantitatively by cupferron in dilute sulfuric acid. The 
solution can be as much as 14 A in sulfuric acid and can contain 1 per cent of tartaric 
acid. Ignition of the precipitate gives Ti02. Aluminum, chromium, uranyl, nickel, 
alkaline earths, and phosphate do not interfere under suitable conditions. Iron, 
zirconium, columbium, tantalum, vanadium, certain rare earths, tungsten, copper, 
lead, silver, mercury, and bismuth are also precipitated by cupferron (cf. p. 154). 
The list of interfering elements is long, but several of them can be removed easily 
before precipitating with cupferron. Thus copper, lead, silver, mercury, and bismuth 
can be removed with hydrogen sulfide in the presence of acid, and iron can be removed 
as sulfide in an ammoniacal tartrate solution; the tartrate prevents the precipitation 
of iron, aluminum, titanium, etc., by ammonia. Titanium is almost always present 
to some extent in rocks but some of the other elements are rarely present. In work- 
ing with solutions containing titanium, it is necessary to remember that titanium salts 
hydrolyze readily and, when once precipitated, the metatitanic acid, H 2 Ti 08 , or 
a basic titanium salt is very hard to dissolve again. Titanium phosphate is also hard 
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to dissolve in acid, and small quantities of titanium and phosphate are usually present 
with the silicic acid that separates when an acid solution is evaporated to dryness. 
To recover the titanium from the silica, it is simplest to volatilize the silica with sul- 
furic and hydrofluoric acids and fuse the residue with potassium pyrosulfate. In 
ordinary commercial work, the iron, aluminum, titanium, zirconium, etc., are com- 
monly reported as “ combined oxides,” in which case the residue obtained after the 
removal of silica with hydrofluoric acid is considered part of the “ combined oxides,” 
and the hydroxide precipitate is ignited in the same platinum crucible that contains 
the residue from the silica determination and the weight of tlie originally empty 
crucible is deducted from the weight of the crucible plus “ combined oxides.” If, in 
an analysis, an attempt is made to dissolve titanium hydroxide from a paper filter, 
the paper should eventually be ignited in order to recover in the ash the titanium 
that invariably remains invisibly attached to the paper. 

For the small quantities of titanium occurring in rocks containing no appreciable 
quantities of the typical titanium minerals such as ilmenite and rutile, the following 
colorimetric procedure is used. It is suitable for the analysis of titanium ores when 
a portion of the solution representing only about 0.01 g of ore is taken for the colori- 
metric comparison. 

2. Determination of Titanium Colorimetrically. Method of A. Weller' 

(Suitable for small quantities of titanium) 

This determination depends upon the fact that acid solutions of titanium sulfate 
are colored yellow to orange when treated with hydrogen peroxide; the yellow color 
increases with the amount of titanium present and is not altered by an excess of hydro- 
gen peroxide. On the other hand, inaccurate results arc obtained in the presence of 
hydrofluoric acid (Hillebrand); consequently it is not permissible to use for this 
determination hydrogen peroxide which has been prepared from barium peroxide 
by means of fluosilicic acid.^ The so-called Ferhydrol is excellent though other 
commercial brands of hydrogen peroxide are satisfactory. The strength of the 
peroxide, which need not be above 3 per cent, should be determined approximately 
by titration with permanganate from time to time or error may result from deteriora- 
tion of the reagent on standing. The oxidation witli hydrogen peroxide should take 
place in solutions which are at least 1.8 N in II 2 SO,, and it is usually better to make 
the solution 3.6 N in this acid. Iron, nickel, and cobalt interfere if present m suffi- 
cient quantities to color the solution; error caused by a little of these elements can be 
overcome by adding corresponding quantities to the standard solutions before the 
addition of hydrogen peroxide. Chromic, vanadic, and rnolybdic acids and cerium 
interfere because they also form colored compounds with hydrogen peroxide. Sexiva- 
lent chromium and molybdenum and quinquevalent vanadium give color tests with 
hydrogen peroxide, but these elements can be removed by precipitating the titanium 


iBer., 16. 2593 (1882). u . * nn 1 r 

* To test for fluorine: Add a slight excess of sodium carbonate to 60 ml of the 

reagent and heat to decompose the peroxide. Filter if a precipitate ffirms, and add 
to the boiling solution an excess of calcium chloride. Filter and ignite the precipi- 
tate Add acetic acid till the calcium carbonate is dissolved, filter, w^h and 
ignite the residue gently. Test with sulfuric acid to see if a gas is evolved which will 
etch glass, or with sulfuric acid and silica to see if a gas is evolved which makes a 
drop of water turbid. 
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in the presence of a little iron with sodium hydroxide. Cerium is not often present 
but can be removed as oxalate or fluoride. The bleaching action of considerable 
alkali salt is not serious in solutions which are 3.6 N in H2SO4. When large quanti- 
ties of iron are present, the color can be removed by adding phosphoric acid, but as 
this also exerts a bleaching effect upon the titanium color the same quantity of phos- 
phoric acid must then be added to the standards. Of all the elements that tend to 
bleach the color of the titanium peroxide, fluorine is the worst, and, in fact, this ele- 
ment can be determined by measuring its bleaching effect. Fluorine can be removed, 
however, by repeated evaporation with sulfuric acid in platinum, and so chemically 
pure potassium fluotitanate, K2TiF6, is commonly used in preparing the standards. 

Preparation of the Standard Titanium Solution. The standard solution can bo 
prepared from pure K2TiF6, K2Ti0(C204)2*2H20, or Ti02. 

(а) From Potassium Fluotitanate, K2TiF8-H20. The salt can be purified by recrys- 
tallizing from water. When dried at 105°, it contains one molecule of water of 
crystallization. 

Weigh out 1.62 g of the pure salt into a platinum dish, add 50 ml of 18 N H2SO4, 
and evaporate until dense fumes of sulfuric acid are evolved. Cool, wash down the 
sides of the dish, and again evaporate till fumes of sulfuric acid escape freely. Cool, 
add sufficient sulfuric acid to make the final concentration at least 1.8 N, and then 
dilute to exactly 500 ml in a volumetric flask. The mixed solution will contain 
1.00 mg TiOa per ml 

If desired, the concentration can be checked by gravimetric analysis. Pipet off 
50 ml of the solution, dilute to about 200 ml, heat to boiling, and make slightly 
ammoniacal. Filter, ignite, and weigh the residual Ti02. 

(б) From Potassium Titanium Oxalate, K2Ti0(C204)2'2H20. Weigh out 4.435 g 
of the pure salt, which can be purified if necessary by recrystallizing from water, 
together with about 8 g of ammonium sulfate into a small Kjeldalil flask. Add 50 ml 
of concentrated sulfuric acid, heat gradually up to the boiling point, and maintain 
this temperature for 10 minutes to remove all oxalate as CO and CO2. Cool, care- 
fully pour into about 700 ml of water, rinse out the flask, and dilute to exactly 1 1. 
This solution should contain the equivalent of 1.00 mg Ti02 per ml. It can be tested 
as described under (a). 

(c) From Pure Titanium Oxide, Ti02. Fuse 0.5 g of pure TiOa with K2S2O7 until 
a clear melt is obtained. Cool, add gradually 6 ml of concentrated sulfuric acid, cool, 
add water, and heat to boiling. Transfer to a 500-ml volumetric flask, make up 
to the mark, and mix by pouring back and forth into a beaker at least 4 times. 
This solution should contain 1.00 mg of TiOa per ml. It can be tested as described 
under (a). 

Colorimetric Comparison. The colorimetric comparison is best made 
in a solution which contains the titanium as sulfate in the presence of 
sufficient sulfuric acid to make the solution at least 1.8 iV in acid. The 
color comparison can be made in Nessler tubes or, more advantageously, 
in a colorimeter. 

In making an analysis, take 5 ml of the standard solution, mix with 
sufficient hydrogen peroxide to oxidize it fully (1 or 2 ml of the 3 per 
cent reagent), and dilute with 1.8 AT sulfuric acid to 50 ml in a measuring 
flask. Each milliliter of this diluted standard contains 0.1 mg of Ti02^ 
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It is most convenient in rock analysis to determine titanium in the 
solution which has been used for the titration of the total iron after 
fusing AI2O3, Fe 203 , etc., with K2S2O7. For accurate work, however, 
correction should be made for the iron and alkali content. 

If necessary, evaporate the sulfate solution containing the titanium 
to less than 100 ml. It should be at least 1.8 A in H 2 SO 4 . Add suffi- 
cient hydrogen peroxide to oxidize the titanium fully. Then, if the 
color is less than that of the standard, dilute to exactly 100 ml. If 
the color is deeper, dilute to 200 ml or until the shade is weaker than 
the standard. Using a colorimeter or Nessler tube, dilute 10 ml of the 
standard solution with 5 per cent sulfuric acid from a buret until, when 
viewed horizontally, the color matches that of the solution being ana- 
lyzed. Repeat the comparison with several portions of the standard. 
Then, since the volume of the diluted standard and its titanium content 
are known, it is easy to compute the weight of Ti 02 per milliliter of the 
solution being analyzed. Thus if a ml of the standard (0.1 mg per ml) 
were diluted with h ml of acid to make it correspond to the color of the 

^ , 0.1a X A 

tested solution, of which the total volume was A ml, then TT“ “ 


milligrams Ti 02 present. 

To ayrrect for iron, it is usually sufficient to assume that the coloring power of 
0.1 g of Fe208 in 100 ml of 5 per cent sulfuric acid is about e(iual to 0.2 mg of TiOj 
in the same volume. It is more exact, however, to add to the standard a quantity 
of ferric alum solution that corresponds to the weight of iron in the sample. If A is 
the milliliters of the test solution used in a preliminary test, made as just described, 
a the milliliters of the standard used, h the milliliters of acid used, p the weight of 
Fe203 corresponding to the iron in A, and x the weight of iron (in terms of Fe208) 
which should be present in each milliliter of 5 per cent sulfuric acid used for diluting 
the standard, then since hx is the weight of Fe208 in (o + h) ml of diluted standard 


and - is the weight of re208 per milliliter of solution being tested, we have 
A 


E 

A 


hx 

a + 6 


and X 


via -f h) 
Ah 


To correct for the bleaching effect of alkali sulfate, a similar computation will 
show how much should be added to the 5 per cent sulfuric acid solution used in dilut- 
ing the standard. In ordinary rock analysis, however, no correction need be applied 
for the alkali sulfate present if the TiOj content exceeds 0.02 g, when 6 g of potassium 
pyrosulfate is used for fusing the ignited AI2O3, Fe203, etc., and the melt is dissolved 
in 100 ml of 5 per cent sulfuric acid. If the Ti02 content is between 0.002 and 0.01 g, 
the weight of Ti02 found by the test is too low by 0.0004 g. ^ 

If vanadium is present, precipitate the titanium (and vanadium) with ammonia 
and fuse with sodium carbonate. Sodium vanadate is formed, which dissolves in 
water. Sodium titanate is hydrolyzed and none of it di^olves m water After 
extracting with water, therefore, fuse the residue with K2S2O7 and dissolve the melt 
in 5 per cent sulfuric acid. 
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Considerable phosphoric acid has a bleaching effect, but the quantity present in 
rocks is too small to be serious. It is not advisable, however, to attempt to compen- 
sate the effect of ferric sulfate by adding phosphoric acid, although this practice has 
been recommended. 

Direct Colorimetric Determination. Take 0.100 g of finely powdered 
titanium ore and fuse it with 10 g of KHSO4 in a small porcelain dish of 
about 65-mm diameter at the top. To avoid loss by spattering, it is 
best to heat the KHSO4 carefully by itself until all the hydrogen is 
removed as water and the residual K2S2O7 forms a quiet melt. To the 
fused pyrosulfate, carefully add the weighed sample of ore and heat 
until a clear melt is obtained. The temperature should be raised slowly 
until fumes of sulfuric anhydride are evolved, but it is best not to con- 
vert the pyrosulfate entirely to K2SO4. Cool, carefully add 6 ml of 
concentrated sulfuric acid, and heat until the melt is dissolved. Cool, 
add about 100 ml of water, and boil. Transfer to a 500-ml flask, make 
up to the mark with 2 N H2SO4, and mix by pouring back and forth 
several times into a beaker. One milliliter of the solution = 0.001 g of ore. 

Take 25.00 ml of this solution, add 2 ml of 3 per cent hydrogen perox- 
ide, and dilute to the mark with 1.8 N 112804 in a 50-ml Nessler tube. 
In a similar Nessler tube take about 48 ml of 2 N H2SO4 and 2 ml of 
3 per cent H2O2. Add the standard from a buret until the color of the 
standard solution matches that of the unknown solution. The com- 
parison can be made in a colorimeter to advantage. 

In colorimetric comparison with Nessler tubes, greater depth of color is obtained 
when the solutions are viewed vertically against a white background; it makes very 
little difference how much liquid is in the tube. When viewed horizontally the color 
is fainter in proportion to the amount of dilution. As a general rule, small quantities 
are best determined by looking vertically into the tube, but with larger quantities of 
material it is advantageous to dilute the more deeply colored solution until a match is 
made when viewed horizontally ; in this case the volumes of standard and of solution 
measured must be known precisely. 

Chromium, Cr. At. Wt. 62.01 
Forms: Chromic Oxide, Cr 203 ; Barium Chromate, BaCr 04 
(a) Chromic Compounds 
Determination as Chromic Oxide 

1. By Preeijntation with Ammonia^ 

If the chromium is present in solution as chromic compound it can 
be precipitated exactly as described under “ Aluminum,’^ by means of 


' Cf. C. Rothaug, Z. anorg. Chem., 84, 165 (1914). 
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the slightest possible excess of ammonia' in the presence of considerable 
ammonium salts (or, better still, by the addition of freshly prepared 
ammonium sulfide solution to the boiling solution). Wash the pre- 
cipitated Cr(OH)8 with 2 per cent ammonium nitrate solution and 
ignite wet in a platinum crucible. Cool and weigh as Cr 203 . The 
results obtained are always a few tenths of a per cent too high on ac- 
count of the formation of small amounts of chromic chromate. It is 
best, therefore, to heat the precipitate and allow it to cool in a stream 
of hydrogen. Use a Rose crucible and introduce hydrogen from a 
Kipp generator. Weigh as Cr 203 . 

If phosphoric acid is present, it will be found in the precipitate. 
In this case fuse the dried precipitate in a nickel crucible with sodium 
carbonate and sodium peroxide, whereby sodium chromate and sodium 
phosphate are obtained. Determine the chromate volumetrically as 
described for the analysis of chromite. 

2. By Precipitation with Potassium lodide-Iodate Solution. Method 
of Stock and Massadu^ 

Carry out the determination as with aluminum (cf. p. 149). Treat 
the slightly acid^ solution, contained in a porcelain dish, with a mixture of 
potassium iodide and iodate, decolorize after a few minutes by means of 
sodium thiosulfate solution, treat with a little more iodide and iodate 
and then again with a few milliliters of sodium thiosulfate, and heat 
half an hour on the water bath. The flocculent precipitate of chromic 
hydroxide settles quickly. Filter, ignite in hydrogen, and weigh as 

Cr208. 

3. By Precipitation with Ammonium Nitrite* 

If the solution of the chromic salt is acid, neutralize with ammonia 
until a slight permanent precipitate is obtained. Dissolve this pre- 
cipitate with a few drops of hydrochloric acid and add an excess of 6 
per cent ammonium nitrite. Boil the liquid until all nitrous fumes have 
been expelled. By this means practically all the chromium will have 

' An excess of ammonia prevents the complete precipitation of the chromium 
hydroxide; the filtrate is then colored pink. In such cases the filtrate must be boiled 
until the excess of ammonia is expelled and all the chromium is precipitated. 

> 5er., 1901, 467. 

> If the solution is strongly acid, it is neutralized by the addition of pure KOH 
solution, drop by drop, until a faint permanent turbidity is obtained. 

^ E. Schirm, Chem. Ztg., 1909, 877. Cf. p. 150 . According to Schoeller and 
Schrauth {ibid., 1909, 1287), iron, chromium, aluminum, and zinc can be precipi- 
tated by means of aniline. 
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been precipitated, but in order to throw down the last traces, add 
ammonia, drop by drop, until the odor of free ammonia barely persists 
in the solution. Allow the precipitate to settle while the beaker remains 
on the water bath, filter, wash with hot water, ignite wet in a platinum 
crucible in an atmosphere of hydrogen, and weigh as Cr203. 

(b) Chromates 

If the chromium is present in solution in the form of an alkali chro- 
mate, free from chloride and large amounts of sulfuric acid, it may be 
determined very accurately by precipitation with mercurous nitrate 
solution as mercurous chromate; on ignition the latter is changed to 
Cr203. 

Procedure. To the neutral or weakly acid solution add a solution 
of pure merciirous nitrate; brown, basic mercurous chromate 
(4Hg20‘3Cr03) is formed. On heating to boiling, the precipitate 
becomes a beautiful, fiery red, being converted into the neutral salt 
Hg2Cr04. This red salt settles very quickly, and if the precipitation 
is complete the solution above the precipitate will be colorless. After 
cooling, filter the precipitate off, wash it thoroughly with water con- 
taining a little mercurous nitrate, dry, and separate from the filter as 
completely as possible. Burn the filter in a platinum spiral, and ignite 
the ash with the main portion of the precipitate, gently at first and 
finally strongly, in a platinum crucible under a hood with a good draft. 
Weigh the residue as Cr203. 

The purity of the mercurous nitrate must be tested before it is used. 
Five grams of the salt should leave no residue after being ignited. 

This excellent method for the determination of chromium unfortu- 
nately permits only a very limited application. If the solution contains 
any considerable amount of chloride, mercurous chloride will be pre- 
cipitated with the mercurous chromate, which, although volatile on 
ignition, renders the precipitate too bulky and the method inaccurate. 

If, therefore, it is necessary to determine chromium present as chro- 
mate in a solution containing chloride, two other methods are at our 
disposal. The chromate may be reduced by boiling with sulfurous acid 
(or by evaporating with concentrated hydrochloric acid and alcohol) 
and analyzed according to (a), or it may just as accurately, and much 
more conveniently, be determined by precipitating as barium chromate. 

Determination as Barium Chromate 

There are many ways in which chromium can be oxidized to chromate. In the 
analysis of chromium minerals, fusion with sodium peroxide is commonly resorted to, 
and usually the analysis is finished by determining the volume of ferrous sulfate 
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solution required to reduce the chromate or the volume of sodium thiosulfate required 
to react with the iodine liberated when chromate is reduced by hydriodic acid. These 
methods will be discussed under “ Volumetric Analysis.” In qualitative analysis 
the barium is usually identified by precipitation as barium chromate; this precipitate 
can be weighed and used for the determination of either barium or chromium. When 
the chromate solution has been prepared by fusion with sodium peroxide, the aqueous 
solution should be boiled until excess peroxide has been decomposed and then made 
acid with acetic acid. Chromium can also be weighed as PbCrOi^ or as CrPOi.* 


Procedure. To the boiling neutral solution, or one weakly acid with 
acetic acid, add a solution of barium acetate, drop by drop,® and, after 
standing for some time, filter through a Gooch crucible (without using 
very strong suction, as otherwise the filter will soon get stopped up and 
the solution will filter extremely slowly). Wash the precipitate with 
hot water till all soluble barium salt is removed, then with dilute alcohol 
and dry in the hot closet. Suspend the crucible in a larger one of 
porcelain by means of an asbestos ring (cf. p. 59) and heat, at first 
gently, and finally over the full flame of a good Bunsen burner. After 
5 minutes remove the cover and continue heating until the precipitate 
appears a uniform yellow throughout. Cool in a desiccator and weigh 
as BaCr04. 

Sometimes the precipitate appears green on the sides of the crucible 
owing to a slight reduction (by memns of dust, traces of alcohol, etc.) 
of chromic acid to chromic oxide. The latter gradually takes on oxy- 
gen from the air during the long-continued heating of the open crucible, 
so that the green color gradually disappears. 

If a g of chromate were taken for analysis, and the barium chro- 
mate precipitate weighed p g, then the amount of chromium present 
may be calculated as follows: 


X 


lOOCr 

BaCr04 


• - = per cent Cr 
a 


Colorimetric Determination of Chromium 

For determining extremely small quantities of chromium, a colorimetric test like 
that with hydrogen peroxide is extremely delicate but the reaction is so sensitive that 
it is seldom used, and, besides, the yellow color of chromate ions in slightly alkaline 
solution is sufficiently deep to permit the determination of small quantities of chro- 
mium. In rock analysis, the aqueous extract obtained after fusion with sodium 


1 Beringer, Textbook of Assaying. 

» Arnold and Hardy, Chem. News, 51, 153 (1888); Joseph and Rae, J. Chem. Soc., 

Ill, 196 (1917). . ^ ^ u j j 

» If the barium acetate solution is added too quickly some of it will be earned down 

with the barium chromate, so that too high results will be obtained. 
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carbonate and a little potassium nitrate is usually employed and none of the common 
elements interfere. If considerable potassium nitrate is used and the fusion is 
made in a platinum crucible over the blast lamp or M^ker burner, a yellow color of 
the aqueous extract may be caused by dissolved platinum. Fusions in platinum 
crucibles should not be made at such a high temperature and the quantity of nitrate 
used should never be large enough to attack the crucible. If the fusion is made with 
sodium peroxide, a little iron sometimes colors the filtrate but this can be avoided by 
digesting the melt with water on the steam bath for an hour or more before filtering. 
Sometimes a false color is obtained when sodium hydroxide solutions are filtered 
through paper, but this can be prevented by first washing the paper thoroughly with 
dilute sodium hydroxide or by filtering through an asbestos filter. 

Procedure. Prepare a standard solution by dissolving 0.2555 g of 
pure K2Cr04 or 0.1935 g of pure K2Cr207 in water and diluting to exactly 
1 liter in a volumetric flask. One milliliter of either solution equals 
0.1 mg Cr203 or 0.0684 g Cr. The color comparison can be made very 
easily as follows : Concentrate the aqueous solution of the melt to 50 ml 
or dilute the solution to some multiple of this volume and, after mixing, 
use a 50-ml aliquot part in a 50-ml Nessler tube. Into another similar 
cylinder put nearly as much water and 1 g of sodium carbonate. Add 
dropwise, with stirring, the standard solution of chromate until the two 
solutions show the same color when viewed from above against a white 
background. In making this test, the alkalinity of the standard and of 
the solution tested should be about the same. If uranium is present, 
the method fails because this element also gives a yellow-colored solution 
after fusion with an alkaline flux. 

URANIUM, U. At. Wt. 238.07 
Forms: U308andU02 
Determination as UsOg 

Uranium is usually precipitated by means of ammonia as ammonium 
uranate (NH4)2U207 and changed to UsOg by gentle ignition in a plati- 
num crucible with free access of air. The method is accurate if nothing 
else is present that will precipitate on neutralizing the solution and if 
care is taken to avoid the presence of CO2; (NH4)2U207 dissolves in 
(NH4)2C03, forming (NH4)4[U02(C03)8]. The precipitation with am- 
monia should be carried out as described for aluminum, and the am- 
monium uranate precipitate should be washed with hot 2 per cent 
ammonium nitrate solution. 

According to the temperature of ignition, the UsOs appears dirty 
green or black, and is difficultly soluble in dilute hydrochloric or sulfuric 
acids; in nitric acid it dissolves gradually. By heating with dilute sul- 
furic acid (1 vol. coiic. H2SO4 + 6 vol. H 2 O) in a closed tube at 150®- 
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175° for a long time (W. F. Hillebrand),^ the UsOs is completely dis- 
solved with the formation of uranous and uranyl sulfates: 

UsOs + 4 H 2 SO 4 = 2U02(S04) + U(S04)2 + 4 H 2 O 

UaOg is also readily soluble in dilute sulfuric acid in the presence of 
potassium bichromate. These two last facts are taken advantage of 
in the volumetric determination of uranium (which see). 

If the ammonium uranate precipitate is heated over a M6ker burner, or blast 
lamp, in a stream of hydrogen, it is converted into UO 2 . This method also gives 
accurate results. 

Precipitation from a Solution Containing Cupferron 

Cupferron, C«H6N NO ONH 4 , which is the ammonium salt of phenylnitrosohy- 
droxylamine, is a valuable reagent because it precipitates iron, vanadium, zirconium, 
titanium, tin, columbium, and tantalum in strongly acid solutions. Uranium in 
uranyl salts, in which the valence of the uranium is 6, is not precipitated by cuf)- 
ferron so that a separation from ferric iron can be accomplished) but if, after the 
iron precipitate has been removed, the uranium is reduced to the quadrivalent state, 
all the uranium can be precipitated by means of cupferron, and the precipitate is 
converted into UsOs by strong ignition. 

Procedure. Evaporate the filtrate from the iron determination 
(cf. p. 155) to about 50 ml; add 20 ml of concentrated HNO 3 and 10 ml 
of concentrated HjSOi if not already present. Evaporate until fumes 
of sulfuric acid are evolved freely, cool, add 20 ml more of HNO 3 , and 
repeat the evaporation to fumes. Continue this treatment with nitric 
acid until all the organic matter present is oxidized as shown by no 
dark color appearing on evaporating. Then, to remove the last traces 
of nitric acid, allow the fuming solution to cool, wash down the sides 
of the beaker, and again evaporate to strong fumes. Cool, dilute to 
make the solution contain about 6 ml of concentrated sulfuric acid per 
100 ml, and pass through a Jones redactor (see Index). Rinse out the 
redactor with 8 per cent sulfuric acid. Cool the reduced solution to 
below 15®; add macerated 61ter paper (p. 151) and an excess of 6 per cent 
(jypfgiT^on solution. Filter and wash with cold 4 per cent II 2 SO 4 solution 
containing 1 .5 g of cupferron per liter. Ignite and weigh as U 3 O 8 . 

Separation of Iron, aluminum, chromium, titanium, and 

URANIUM, FROM CALCIUM, STRONTIUM, BARIUM, AND MAGNESIUM 

To the solution containing the above substances in the presence of 
considerable ammonium chloride in an Erlenmeyer flask, add a sUght 
excess of freshly prepared ammonium sulfide, free from sulfate and 


‘ Bva. U. S. Oeol. Survey, 78, p. 90. 
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carbonate. After standing over night filter off the precipitate and wash 
it with water containing ammonium sulfide. It contains the iron and 
uranium as sulfides, the aluminum, chromium, and titanium as hydrox- 
ides. If large amounts of magnesium are present, some of it is almost 
always present in the precipitate, so that it is then necessary, after 
filtration, to dissolve the precipitate in hydrochloric acid and to repre- 
cipitate with ammonium sulfide. 

Instead of using ammonium sulfide, the separation can be accom- 
plished satisfactorily with ammonia; the iron must then be in the ferric 
condition. Carry out the treatment as described for the precipitation 
of aluminum with ammonium hydroxide using methyl red as indicator. 

Separation of Iron from Aluminum 

1. To a boiling solution of half-normal sodium hydroxide in a porce- 
lain dish, add the dilute acid solution of ferric and aluminum chlorides. 
After the solutions are all mixed make sure that an excess of alkali 
hydroxide is present so that all the iron is precipitated as Fe(OH) 3 ^ 
and all the aluminum dissolved as NaA102. Dilute with hot water 
and filter. For the iron determination, dissolve the precipitate in 
hydrochloric acid, reprecipitate with ammonia,^ dry and weigh as Fe 203 
(see p. 153). Precipitate the aluminum as hydroxide in the filtrate 
by acidifying with nitric acid and then adding ammonia. Filter, wash 
with 2 per cent ammonium nitrate solution, and weigh as AI2O3. 

2. Add three times as much tartaric acid as corresponds to the 
weight of dissolved Fe203 and AI2O3 and pass hydrogen sulfide into the 
solution until it is saturated. Add a very slight excess of ammonia, 
and allow the sulfide of iron to settle in a closed Erlenmeyer flask. 
Filter, wash with water containing ammonium sulfide, dissolve in hydro- 
chloric acid, oxidize with a little potassium chlorate or nitric acid, and 
precipitate as ferric hydroxide by the addition of ammonia. Deter- 
mine the aluminum in the filtrate by evaporating to dryness with the 
addition of a little sodium carbonate and potassium nitrate.^ Gently 
ignite the residue in a platinum dish to destroy the tartaric acid, dissolve 
the residue in dilute nitric acid, filter off the carbon, and precipitate the 
aluminum from the solution by the addition of ammonia. 

* If the precipitate is large, it should be dissolved in hydrochloric acid and again 
precipitated with NaOH. 

* It is very hard to wash the NaOH precipitate free from alkali so that the first 
precipitate should not be weighed. 

* For the direct determination of aluminum by precipitation with tannin and 
without destroying tartaric acid, see p. 222. 
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3 . Add sodium carbonate solution to the neutral solution of the 
chlorides or sulfates (not the nitrates) until a slight permanent precipi- 
tate is formed; dissolve this by the addition of a few drops of hydro- 
chloric acid. Dilute the solution to about 250 ml for each O.I or 0.2 g 
of the metals present, add an excess of sodium thiosulfate solution, 
and boil the solution until every trace of SO 2 has disappeared. By 
this operation the ferric salt is reduced to ferrous salt: 

2Na2S203 + 2FeCl3 - 2 NaCl -f Na2S406 + 2FeCl2 

and the aluminum is precipitated as the hydroxide : 

2AICI3 + 3 H 2 O + 3Na2S203 = 6NaCl + 3 SO 2 T + 3S + 2Al(OH)3 

Filter off the precipitate of aluminum hydroxide and sulfur, wash with 
hot water, dry, transfer as completely as possible to a porcelain crucible, 
burn the filter in a platinum spiral and add the ash to the cmcible. 
Ignite gently until all the sulfur has been expelled and then more strongly 
over the blast or M6kcr burner until the weight is constant. Cf. p. 149 . 

To determine the iron, make the filtrate acid with hydrochloric acid, 
boil off the SO2, filter off the sulfur, oxidize the solution with nitric 
acid, and precipitate the iron as ferric hydroxide as described on p. 153 . 

Or add ammonia and ammonium sulfide to the filtrate from the 
A1(0H)3 precipitate, filter, and wash with hot water. Dissolve the 
iron sulfide in hot 2 N hydrochloric acid, oxidize to the ferric condition 
with concentrated nitric acid, dilute, and precipitate with ammonia 
according to p. 153 . 

4. Precipitate both iron and aluminum with ammonia, filter, wash, 
dry, ignite in a porcelain or platinum cmcible, and determine the weight 
of the combined oxides. After a constant weight is obtained, dipst 
the mixed oxides with concentrated hydrochloric acid to which a little 
water has been added (lOlICl : IH2O) in a covered crucible until the 
iron is completely dissolved. If ferric oxide predominates, as it fre- 
quently does, the solution is effected in 1 or 2 hours. If, on the other 
hand, a relatively large amount of alumina is present, as is usual with 
silicates, a condition which can be predicted by the color of the precipi- 
tate produced by ammonia, the precipitate dissolves very slowly and 

many times only incompletely. . .j 

In the latter case instead of treating with hydrochloric acid, fuse 
the ignited oxides with 12-15 times as much potassium pyrosulfate, 
K2S2O7 (cf. Vol. I).^ The conversion of the oxides into sulfates is 

’ E. Deussen finds that fusion with KF HF works better. The platinum is not 
attacked and the solution is effected more readily. Z. angev). Chem., 1905, 816. 
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usually complete in 2-4 hours.* Place the crucible together with its 
cover in a beaker, add water and a little sulfuric acid, and dissolve the 
melt by warming gently and passing a current of air through the solu- 
tion in order to keep the liquid in motion. A small amount of platinum 
is always dissolved by this treatment. ^ After removing the crucible 
and its cover, heat the solution to boiling and reduce with hydrogen 
sulfide as described in Chapter XV. After the iron is reduced, filter off 
the platinum sulfide, again introduce hydrogen sulfide, and continue as 
described in Chapter XV, finally titrating the reduced iron with standard 
potassium permanganate in 250 ml of cold acid solution. The alumi- 
num is determined from the weight of the combined oxides after deduct- 
ing the weight of Fe 203 corresponding to the volume of permanganate 
used in the titration. 

For the determination of iron in silicates the above process is most 
suitable (Ilillebrand). The reduction of the ferric salt to ferrous salt 
by means of hydrogen sulfide possessc^s advantages over the reduction 
by means of zinc, for in the former case no foreign element is introduced, 
and furthermore zinc serves to reduce the titanium that is almost 
always present in rocks, and this will be again oxidized by the per- 
manganate, so that too high an iron value will be obtained. When 
titanium is present, it is better to reduce with sulfurous acid as described 
in Chapter XV of this book. 

If all the iron is dissolved by treating the oxides with hydrochloric 
acid, evaporate the solution to dryness and treat the residue with a few 
milliliters of dilute sulfuric acid, evaporate* on the water bath as far as 
possible, and then heat over the free flame until fumes of sulfuric acid 
are evolved. After cooling, dissolve the sulfates in water and reduce 
the ferric sulfate to ferrous sulfate by introducing a piece of zinc, free 
from iron, into the crucible and covering with a watch glass. The 
reduction is complete in 20-30 minutes. Filter off the slight residue of 
platinum'^ with the excess of zinc, catching the filtrate in a flask already 
filled with carbon dioxide. Wash the residue with water that has been 
boiled, and titrate the solution with potassium permanganate solution. 

This method is to be recommended for the determination of small 


^If the precipitate produced by ammonia is well mixed with filter-paper pulp 
(cf. p. 151) the ignited oxides will be obtained in a condition such that the fusion with 
potassium pyrosulfate can be made within 10 minutes. 

2 If the fusion is made in a silica crucible, there will be no platinum to remove. 

> Platinum is perceptibly attacked by long digestion with ferric chloride solution: 
4FeCU 4- Pt + 2HCI = HjPtCle + 4FeClj 
The chloroplatinic acid is reduced to platinum by the action of zinc. 
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amounts of iron in the presence of still less aluminum, as in the analysis 
of mineral waters. 

The following procedure leads to the same end, but the results are 
not quite so reliable: 

Dilute the solution in which the iron and aluminum are to be deter- 
mined to a definite volume (c.g., 250 ml) and take two aliquot portions 
by means of a pi pet (usually 100 ml). 

In one portion determine the weight of the combined oxides of iron 
and aluminum by precipitation with ammonia and ignition of the pre- 
cipitate as described on p. 148; in the other aliquot d(‘t(*rmine the iron 
by titration. If tlie solution contains hydrochloric acid, as is usual, 
it is best first to precipitate the iron with ammonia, filter, wash, and 
dissolve in dilute sulfuric acid. Reduce this solution and titrate as 
described above. ^ 

Separation of Iron, Aluminum, and Phosphoric Acid 

Although the determination of phosphoric acid has not yet been 
described, its determination in the presence; of iron and aluminum 
will now be discussed because this highly important separation is neces- 
sary in the analysis of almost all minerals containing iron and aluminum 
as well as in the analysis of many mineral waters. Two cases are to be 
distinguished : 

1. The solution contains only a small amount (a few centigrams or 
less) of iron, aluminum, and phosphoric acid. 

2. The solution contains large amounts of these substances. 

1. In the first case the determination of all thn^e constituents must 
be undertaken in the same portion, as otherwise errors would be intro- 
duced on account of the. small (luantities to be determined. First treat 
with ammonia as d('scribed on p. 148 whereby the iron, aluminum, 
and phosphoric acid arc precipitated.^ 

Ignite the precipitate in a platinum crucible and weigh: 

FC2O3 + AI2O3 •+■ P2O5 = A 

Fuse the oxides with 6 times their weight of a mixture consisting of 
4 parts anhydrous sodium carbonate and 1 part pure silica. Heat 

1 It is desirable to get rid of the hydrochloric acid on account of its action upon 
potassium permanganate (cf. Chapter XV). In the presence of hydrochloric acid, 
the Zimmermann-Reinhardt method of reducing with stannous chloride and titrating 
with permanganate is capable of giving good results. See Chapter XV. 

* The phosphoric acid is usually present in such small amounts that the iron and 
aluminum are more than sufficient to effect the precipitation of all the phosphoric 
acid, on the addition of ammonia, as phosphates of these metals. 
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the mixture over the blast lamp or M6ker burner. Cool, extract the 
melt with water to which a little ammonium carbonate has been added, 
and filter. The filtrate contains all the phosphoric acid and a very 
little silicic acid; the residue contains all the iron and aluminum and 
considerable silica. 

For the determination of the phosphoric acid, evaporate the filtrate 
to dryness with hydrochloric acid on the water bath in order to remove 
the silica, moisten the residue with 6 N hydrochloric acid, take up in 
a little water, filter, and precipitate the phosphoric acid in the filtrate 
by the addition of ammonia and “ magnesia mixture,^’ as described under 
“ Phosphoric Acid.^^ By igniting in a porcelain crucible change the pre- 
cipitate of magnesium ammonium phosphate to magnesium pyro- 
phosphate, and from its weight p calculate the amount of phosphoric 
anhydride, P 2 O 6 (= B): 

P2O5 

B = *v 

Mg2P207 ^ 

Subtract B and A to get the combined weight of the iron and alumi- 
num oxides and then after determining the iron by titration the alumi- 
num can be estimated “ by difference.'' For the determination of the 
iron, take the insoluble residue obtained after treating the product 
of the fusion with water and ammonium carbonate and digest it with 
hydrochloric acid in a small porcelain crucible until the iron oxide is 
completely dissolved. Add a little 18 N sulfuric acid, and evaporate 
first on the water bath and then over a free flame until fumes of sul- 
furic anhydride arc evolved. After cooling, add water and digest on 
the water bath for some time. Filter off the silica, reduce the solution 
by means of hydrogen sulfide (cf. p. 169, sub. 4), and, after removing 
the excess of hydrogen sulfide, titrate the iron with permanganate solu- 
tion.^ From the amount of permanganate used, the quantity of ferric 
oxide (C) can be calculated, and by deducting this from the weight of 
the combined oxides the weight of the AI2O3 is ascertained: 

A - (B + C) = AI2O3 

2. If the solution contains large amounts of iron, aluminum, and 
phosphoric acid, divide it into three aliquot portions and in one deter- 
mine the value of A by precipitation with ammonia; in the second 
determine the phosphoric acid by the molybdate method as described 
under “Phosphoric Acid"; and in the third determine the iron by 
titration. 

1 Instead of reducing the iron, the ferric salt may be titrated directly with titanous 
chloride or iodimetrically (see Chapter XV). 
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Separation of Iron from Chromium 

1. The chromium is oxidized in alkaline solution by means of chlorine, bromine, or 
sodium peroxide to a soluble chromate, and the insoluble ferric hydroxide is filtered 
off. If the chromium alone is desired, it is often better to fuse with sodium carbonate 
and peroxide as described for the analysis of chromite. 

Procedure. Pour the solution of the chlorides into an Erlenmeyer 
flask of Jena glass, provided with a ground-glass stopper and tubes by 
which gas may enter and leave the flask, and add sodium hydroxide 
solution until strongly alkaline. Heat on the water bath and con- 
duct chlorine gas through the liquid, or add bromine water, until it 
becomes distinctly yellow and the ferric hydroxide has assumed its 
characteristic reddish brown color. When the oxidation is accom- 
plished by chlorine gas, the equivalent of 0.5 g of the mixed oxides will 
be completely oxidized in 15 to 20 minutes. Instead of chlorine or 
brominOj sodium peroxide is often more convenient for converting Cr++''‘ 
into Cr04 . In this case, add the peroxide in small portions to the cold 
solution. After the oxidation is complete heat the solution until the 
excess peroxide is decomposed into NaOII and O 2 . 

Carefully make the filtrate acid with acetic acid, precipitate the chro- 
mium by the addition of barium acetate, and treat the precipitate of 
barium chromate as described on p. 165. Dissolve the ferric hydroxide 
in hydrochloric acid, rcprecipitatc with ammonia as described on 
p. 153, and weigh as ferric oxide. 

Remark. If the chromate is to be determined as barium chromate, the solution 
must contain no sulfuric acid. If sulfuric acid is present, reduce the chromate by 
evaporating with hydrochloric acid and alcohol. In the solution of chromic chloride 
thus obtained determine the chromium as chromic oxide after precipitation with 
ammonia as described on p. 163. 

In the case of a precipitate containing iron and chromic oxides, fuse with sodium 
carbonate and a little potassium chlorate. Extract the melt with water, and deter- 
mine the chromium in the aqueous solution by precipitating with barium acetate 
as described on p. 165. Dissolve the residue from the aqueous extraction of the 
fusion in hydrochloric acid, precipitate with ammonia, and determine the iron as 
ferric oxide, according to p. 153. 

If it is desired to precipitate the chromium as mercurous chromate, fuse the precipi- 
tate containing the iron and chromic oxides with sodium carbonate and potassium 
nitrate, extract the melt with water, neutralize the solution with nitric acid, and 
precipitate with mercurous nitrate solution, as described on p. 164. 

2. It has been proposed that the mixture of ferric and chromic oxides 
be analyzed by strongly igniting in a stream of hydrogen so that the 
ferric' oxide is reduced to metallic iron while the chromic oxide is 
unchanged. The iron could then be determined by the loss of weight. 
Experiments show, however, that the ferric oxide is often so enveloped 
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in chromic oxide that it is not even approximately reduced even when 
heated over the blast lamp. 

3. Iron may be separated from chromium by precipitating the iron 
with ammonium sulfide from a solution containing sufficient ammonium 
tartrate to prevent the precipitation of the chromium. The separation 
is the same as was described under “ Aluminum,” p. 168, sub. 2. 

Separation of Aluminum from Chromium 

If the chromium is present as chromic salt, oxidize it to chromate by 
means of chlorine, bromine, or sodium peroxide as described on p. 173. 
Make acid with nitric acid, and determine the aluminum as oxide after 
precipitating with ammonia as described on p. 148. In the absence of 
sulfuric acid the chromium can be determined in the filtrate as barium 
chromate (cf. p. 165). If sulfuric acid is present, reduce the chromate to 
chromic salt by the action of concentrated hydrochloric acid and alcohol, 
precipitate with ammonia, and weigh as the oxide (see p. 163). 

If, however, the chromium is already present as chromate, at once 
precipitate the aluminum, with ammonia as hydroxide, as described 
on p. 148. 

Separation of Iron from Titanium 

It is frequently necessary to determine both iron and titanium in 
a precipitate produced by ammonia consisting of a mixture of these 
two oxides alone, but it is more often necessary to determine titanium 
in the presence of iron, aluminum, and phosphoric acid, all of which 
are precipitated by ammonia in the analysis of rocks. 

For the separation of titanium from iron in the absence of alumina, 
the following methods are suitable: 

1. Ignite the precipitate produced by ammonia and weigh the mix- 
ture of oxides. Fuse it in a silica crucible with 15-20 times as much 
potassium pyrosulfate. Before starting the fusion, heat the pyro- 
sulfate, or fused potassium acid sulfate, in a silica crucible until it 
begins to evolve fumes of sulfuric anhydride. Fuse the oxides with this 
dehydrated pyrosulfate until they are converted to sulfates. Use a 
small flame and heat so that only a slight fuming is noticed when the 
crucible cover is raised. As the fusion progresses the color of the melt 
darkens, and the melting point of the mass rises as the sulfuric anhydride 
escapes. When the fusion is finished, there should be no unattacked 
oxide visible in the melt. If the temperature is raised too quickly, sul- 
furic acid escapes without reacting with the oxide, and if all the pyro- 
sulfate is converted to sulfate, the mass expands on cooling and may 
crack the crucible. It is a good plan to add a little pyrosulfate at the 
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last to prevent this or to add a little concentrated sulfuric acid to the 
solidified melt and then heat again. If the pyrosulfate is not anhydrous, 
the escaping steam will carry up some of the oxides to the top of the 
crucible and spatter them on the cover, and these particles are likely 
to escape the action of the pyrosulfate. 

When the fusion is finished, make a spiral at the end of a 4-inch piece 
of platinum wire and insert this spiral in the melt. Let the contents 
of the crucible solidify and become cold. Then remove the melt by 
heating the sides of the crucible and pulling on the wire while holding 
the crucible with tongs. Suspend the melt from a stirring rod which 
rests on the top of a beaker containing cold 0.5 N sulfuric acid. Stir 
mechanically to hasten the dissolving. If necessary, filter off any 
undecomposed oxide. Treat this with sulfuric and hydrofluoric acids 
to make sure that no silica is pr(\sent and again fuse with pyrosulfate. 
Dissolve any residue in the crucible with dilute sulfuric acid. 

For the iron determination, it is best to reduce it to the ferrous 
state and titrate with permanganate. If hydrogen sulfide is used as 
the reducing agent (p. 542) the titanium is unaffected but if a Jones 
reductor is used (pp. 543-4), which is somewhat more convenient, the 
quadrivalent titanium is reduced to the trivalent state. If the air in 
the reductor flask is replaced by CO 2 , both iron and titanium can bo 
oxidized by permanganate. If, however, air is bubbled through the 
solution at room temperature until the purple color of Ti+‘'’+ dis- 
appears and for 5 minutes longer, all the Ti++'^ is oxidized by the 
air and only an inappreciable quantity of Fe++, so that now the iron 
can be titrated alone. Three procedures are to be recommended: 

(a) Reduce the solution with a Jones reductor, aerate to oxidize the 
titanium and titrate with permanganate. Then, if the titanium con- 
tent is small, determine the titanium colorimetrically (p. 159) in an 
aliquot part of the solution. 

(b) Make up the solution to a definite volume, mix and use an aliquot 
part for the iron determination as in (a) and in another aliquot deter- 
mine both iron and titanium by permanganate titration under an at- 
mosphere of CO 2 . 

(c) Determine the iron as in (a) and in another aliquot determine 
the titanium gravimetrically as Ti02. Neutralize the solution with 
sodium carbonate until a very slight permanent turbidity is produced 
in the well-stirred solution. Add an excess of sodium thiosulfate and 
continue as described on page 169. 
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Separation of Aluminum from Titanium 

One of the best methods of separation is that of Gooch;' it consists 
in boiling a solution of the two elements containing considerable free 
acetic acid and alkali acetate; by this means all the titanium and little, 
if any, of the aluminum is precipitated. If, however, the amount of 
aluminum present is large (as is usual in rock analysis), the separation 
must be repeated. There is never any danger of the precipitation of 
the titanium being incomplete. 

In practice it is almost always necessary to separate the titanium 
not from aluminum alone, but from iron and aluminum, so that the 
method of Gooch will be described for this more general case. 

Treat the solution obtained by dissolving the pyrosulfate melt in 
cold dilute acid^ with three times as much tartaric acid as the weight of 
the oxides, saturate with hydrogen sulfide gas, and make slightly ammo- 
niacal. By this means all the iron is precipitated as ferric sulfide, 
while the aluminum and titanium remain in solution. Filter off the 
iron sulfide, acidify the filtrate with sulfuric acid, heat to boiling, and 
filter off the precipitate of sulfur and platinum sulfide (the latter from 
the platinum crucible in which the fusion with pyrosulfate was made). 
Boil the filtrate to expel the last traces of hydrogen sulfide, and destroy 
the tartaric acid by adding 2^ times as much potassium permanganate 
as there is tartaric acid present. Add sulfurous acid until the precipi- 
tated manganese dioxide is redissolved, after which add a slight excess 
of ammonia and 7-10 ml of glacial acetic acid for each 100 ml of solution. 
Boil the solution for 1 minute, allow the precipitate to settle, and decant 
the filtrate through a filter.^ Finally transfer the precipitate to the 
filter, and wash with 7 per cent acetic acid and finally with a little 
hot water. Ignite the precipitate and weigh as Ti02. 

The precipitate contains manganese and aluminum; it must be 
purified. Fuse it with three times as much sodium carbonate. 
Leach the melt (colored green by the manganese) with cold water, 
leaving sodium metatitanate'' and some alumina undissolved. Filter 
off the precipitate by means of a small filter, ignite this residue in a 
platinum crucible, and fuse again with alkali pyrosulfate. After cooling, 
dissolve the contents of the crucible in 200 ml of 0.1 iV sulfuric acid. 
Add 5 g of sodium acetate and 20 ml of glacial acetic acid. After boiling 

1 Chem. News, 62, 55 and 68. 

* See p. 175. 

» Schleicher & SchiiH’s filter-paper No. 589 is satisfactory for this purpose. 

* The sodium metatitanate undergoes hydrolysis and forms a precipitate con- 
taining a much higher percentage of TiOa. 
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1 minute and allowing to stand until settled, filter the precipitate, wash 
with 7 per cent acetic acid, then with water, dry, ignite, and weigh. This 
precipitate sometimes contains aluminum. Fuse it again with sodium 
carbonate and treat the melt with sulfuric acid, etc., exactly as described 
above. This time the precipitate is usually free from aluminum, but 
the process should be repeated until a constant weight is obtained. 

This analysis does not require much time if the quantity of titanium 
present is so small that the precipitates filter and wash quickly. 

For the determination of very small amounts of titanium, it is advis- 
able to use the colorimetric method proposed by Weller (cf. p. 159). 

The above method of Gooch is tedious and fails to take into con- 
sideration the fact that zirconium, if present, precipitates with titanium. 
Phosphoric and vanadic acids are also likely to precipitate with titanium 
and zirconium, but these were removed by the fusion with sodium 
carbonate which forms water-soluble sodium vanadate and phosphate. 
The titanium precipitate is also likely to contain some adsorbed alkali 
ions, but this error is slight in rock analysis. Thorium and cerium are 
also precipitated to some extent, but usually these elements are present 
to such a slight extent that they may be neglected. For the separation 
of titanium from aluminum, zirconium, and thorium by means of 
tannin, see p. 223. To obviate the necessity of destroying the tartaric 
acid in the method of Gooch, W. F. Hillebrand^ recommends the follow- 
ing procedure: 


Cupferron Method of Precipitating Titanium and Zirconium^ 

To the filtrate from the iron sulfide precipitate, which was formed in 
an ammoniacal ammonium tartrate solution to prevent the precipitation 
of aluminum, titanium, and zirconium by ammonia (cf. p. 176), add 40 
ml of 18 N sulfuric acid and boil to expel the excess of hydrogen sulfide. 
Cool to 15°, or below, dilute to 400 ml, and add a cold 6 per cent solu- 
tion of cupferron, with constant stirring (cf. p. 155). Allow the precipi- 
tate to settle and test the supernatant solution to see if the precipitation 
is complete; if so, a white turbidity forms instead of a yellow precipi- 
tate. Filter and wash 20 times with cold 1.2 AT hydrochloric acid. 
Place the precipitate and filter in a crucible and dry at 110-120°. Then 
ignite very cautiously with a small flame placed at the base of the 


^Analysis of Silicate and Carbonate Rocks, p. 166, 1919. 

»W M Thornton, Am. J. Sd. [41, 37 , 407 (1914); Ch^m. News, 110 , 5 (1914); 
Z anara Chem., 87 , 375 (1914); Schroeder, Z. anorg. Chem., 72 , 95 (1911); Thornton 
and Hayden, Am. J. Sci. [4], 38 , 137 (191^; Chem. News, 110 , 153 dSH); Z 
anorg. Chem., 89 , 377 (1914); Lundell and Knowles, /. Am. Chem. Soc., 41 , 1801 

(1919). 
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inclined, partly covered crucible. There is likely to be a sudden gush 
of smoke when the oxidation of the organic matter starts. Gradually 
raise the temperature until all the organic material is destroyed. Fuse 
the residue with sodium carbonate, extract the melt with water, filter, 
and wash with dilute sodium carbonate solution. Dissolve the residue 
in dilute sulfuric acid and repeat the precipitation with cupferron. 
Ignite and weigh os Ti02 and Zr02. The separation of titanium and 
zirconium will be discussed on p. 181. 

The Determination of Titanium in Titanium-Iron Ore 
Method of Barneby and Isham^ 

The method of Barneby and Isham is based on the volatilization of the silica by 
hydrofluoric acid in the presence of sulfuric acid, evaporation to dryness, and fusion 
with sodium carbonate and a little potassium nitrate (which converts the iron and 
titanium to insoluble ferric oxide and sodium titanate), extraction with hot water 
to remove the soluble phosphates, sulfates, and aluminates, solution of the fer- 
ric oxide and sodium titanate in hydrochloric acid, extraction of ferric chloride 
with ether, reduction of slight traces of iron with sulfurous acid, precipitation of the 
titanic acid by boiling in acetic acid solution, filtration, and ignition to titanium 
oxide (or the titanium may be determined colorimetrically). The method is accurate 
except that it fails to take into consideration the probable presence of zirconium and 
other rare earths which will precipitate with the titanium more or less completely. 

Procedure. Weigh out about 0.5 g of ore into a platinum crucible, 
moisten with a little water, and add 5 to 10 drops of concentrated sul- 
furic acid and about 2 ml of hydrofluoric acid. Heat the mixture carefully 
until finally no more sulfuric acid fumes are evolved. Add 5-10 g of 
sodium carbonate and a little potassium nitrate,^ and fuse the mixture at 
least 30 minutes. Cool, place the crucible and cover in a beaker, add 
about 25 ml of hot water, and heat until the melt is disintegrated. 
Ferric oxide and sodium titanate are left insoluble in hot water. Remove 
the crucible, and dissolve any adhering particles of ferric oxide and 
hydrolyzed sodium titanate in hot 6 N hydrochloric acid ; save this solu- 
tion. Filter off the residue in the beaker and wash with hot water.® 
Perforate the filter and carefully wash the residue into a clean beaker 
with 6 N hydrochloric acid. (No water is to be added from this stage 

1 J. Am. Chem. Soc., 32 , 957 ( 1910 ). 

* The potassium nitrate is added to make sure that the crucible is not injured by 
any sulfide or reducible metal which may be present. Too much nitrate should not 
be added; it will injure the crucible and also cause the melt to effervesce badly. 

* The residue should not be washed with too much hot water; the hydrolysis of 
the sodium titanate may go so far that the residue will not dissolve in hydrochloric 
acid. 
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of the analysis until after the subsequent treatment with ether.) Trans- 
fer the hydrochloric acid washings from the platinum crucible to the 
beaker and then heat on the hot plate until complete solution has been 
effected and the total volume has been reduced to 15 or 20 ml. Cool, 
add 2 ml of 12 N hydrochloric acid, and transfer the solution to a separa- 
tory funnel, rinsing the beaker with 6 N hydrochloric acid, d 1.10. Add 
an equal volume of ether, which has been saturated with concentrated 
hydrochloric acid solution, to the solution in the funnel, insert a rubber 
stopper in the top, invert the funnel, open the stopcock, and shake 
thoroughly. Close the stopcock, place the separatory funnel in an up- 
right position, and allow to stand 10 minutes. Then 
drain off the aqueous layer into a second separatory 
funnel. Rinse the ether layer twice by shaking well 
with 5- to 10-ml portions of 6 iV hydrochloric acid, and 
add the washings to the aqueous solution. Repeat the 
treatment with ether two or three times until the last 
portion of ether fails to show any greenish tinge due to 
the presence of dissolved ferric chloride. 

Rothe,^ who first made use in quantitative analysis 
of the fact that ferric chloride dissolved in hydrochloric 
acid, d 1.1, can be removed by shaking with ether, 
recommended the double separatory funnel shown in 
Fig. 38, but an ordinary 125-ml single separatory funnel 
can be used satisfactorily. 

Carefully heat the aqueous solution containing all 
the titanium in the presence of little, if any, iron and 
aluminum, on a water bath containing warm water to 
expel the dissolved ether, add 20 ml of 18 iV sulfuric 
acid, and evaporate the solution until fumes of sulfuric 
anhydride are evolved. Dilute the cooled solution to 
about 100 ml and nearly neutralize with ammonia. Add 1-2 g of 
ammonium bisulfite and heat the solution on the hot plate for half an 
hour. Now add 10-15 g of ammonium acetate, with 5-10 ml of glacial 
acetic acid, and boil the solution for 15 minutes. Filter, wash with 
7 per cent acetic acid, ignite, and weigh as Ti02. 

Determinatioii of Titanium in SteeU 

Treat 2 to 5 g of sample with 100 ml of 6 AT HCl and heat until action 
ceases. Dilute to 300 ml, add NH4OH to a basic reaction, then neutral- 

1 Z. anal. Chem.y 1901 , 809. 

* Method of the U. S. Steel Corporation. Cf. Lundell, Hoffman, and Bright, 
Chemical Analysis of Iron and Steel. 
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ize with 6 N HCl and add 6 ml in excess. Add 10 ml of 50 per cent 
Na2S208‘5H20 solution and boil 10 minutes. 

If the steel contains tungsten, or a considerable residue remains after the treatment 
with HCl, add 100 ml of 3 per cent NaClOa solution and boil until any tungsten pres- 
ent is converted into yellow tungstic acid. Filter through ashlcss paper, and wash 
the residue with N HCl; reserve the filtrate. Rinse the residue on the ashless filter 
paper back into the original beaker, but save the filter. Digest this residue with 

5 ml of 15 N NH^OH to dissolve any WO 3 , filter through the original filter, wash with 
N NH 4 OH, and discard this filtrate. Ignite the precipitate and filter in a porcelain 
crucible, and add the ash to the original solution in HCl. Dilute to 300 ml, add 
NH 4 OH until the solution is slightly ammoniacal, neutralize with 6 N HCl, and add 

6 ml in excess. Add 50 ml of 50 per cent Na 2 S 208 - 5 H 20 solution and boil 10 minutes. 
This serves to precipitate most of the titanium and reduces the iron to the ferrous 
state so that it does not, for the most part, precipitate. 

After the treatment with sodium thiosulfate, add 3 ml of phenylhydra- 
zine, C6H6NH*NH2, and boil 5 minutes. Phenylhydrazinc is an oily 
liquid and is added to make the precipitation of the titanium complete. 
Under these conditions, it causes complete precipitation of Al, Ti, Zr, 
Th, and Cr together with P and V as phosphate and vanadate, if any 
considerable quantity of these other five elements is present. Small 
quantities of Be, Ce, Cd, Fe, Hg, Ni, and Zn may be present in the 
precipitate. 

Stir into the liquid a little paper pulp made by shaking small pieces 
of ashless filter paper with water in a stoppered flask; filter-paper tab- 
lets can be purchased for this purpose. Boil the mixture for 5 minutes, 
filter, and wash the precipitate with six 15-ml portions of hot water. 
Ignite carefully in a platinum cmcible. Fuse the ash with a mixture of 
3 g Na2C03 and a little NaNOs (not KNO3). When the melt is clear, 
cool, take up in 50 ml of hot water, and heat until the disintegration of 
the melt is complete. Filter, wash the residue containing the titanium 
with hot water, and discard the filtrate. 

Digest the residue with hot 6 N HCl, filter, and wash with hot water. 
Reserve both filter and solution. 

To the solution add ammonia until slightly basic and then HCl until 
slightly acid. Stir into the solution 1 g of Na2S203-5H20. Heat until 
the solution gives no test for Fe+++ when a drop is removed and tested 
with KCNS solution. Add 5 ml of concentrated ammonia solution in 
which 1 g of KCN has been dissolved, boil for 1 minute, add the reserved 
filter, macerate it thoroughly, and filter. Wash with hot water to which 
a few drops of ammonia have been added. Ignite the precipitate and 
filter in a crucible, and weigh. The precipitate contains Ti02 and 
possibly some Zr02, Ta205, and Si02. If Zr and Ta are known to be 
absent a correction for Si02 can be made in the usual way by heating in a 
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platinum crucible with HF and a little H2SO4. Otherwise, fuse the 
residue with K2S2O7 and determine the titanium colorimetrically (cf. 
p. 159). The Zr can be determined after the colorimetric determination 
by adding to the solution 0.5 g of (NH4)2HP04, keeping the solution for 
at least 10 hours at 50-60°, filtering, washing with 5 per cent NH4NO3, 
and weighing as Zr2P207 after, ignition in a crucible. 

Routine Method for Titanium in Steel 

Digest 1 g of sample with 40 ml of 9 iV H 2 SO 4 . Heat until all action 
ceases, filter, and wash with water. 

If W, Cr, or V is present, ignite the residue in a porcelain crucible at a low tempera- 
ture until all carbon from the filter is consumed. Transfer to a platinum crucible 
and fuse with Na 2 C 03 and a pinch of NaNOa. Digest the melt with hot water, filter, 
wash, and reject the residue. Dissolve in 6 A HCl and add to the main solution. 

Dilute to 250 ml; add ammonia until a slight precipitate forms and 
then 5 g of Na2S203-5H20. If a precipitate of Fe(OH)3 persists, dissolve 
it by adding a little H2SO4. Heat until the Fe"^"^ is all reduced as 
shown by testing a drop with KCNS solution; there should be no red 
color. Then add a solution of 25 ml water, 15 ml concentrated NH4OH, 
and 10 g KCN. Boil 1 minute, add ashless-filter-paper pulp, filter, and 
wash with hot water. Ignite in a platinum crucible, fuse with 3 g of 
K2S2O7, cool, dissolve the melt in 10 ml of 18 N H2SO4, and determine 
the titanium colorimetrically (p. 159). 

Separation of Zirconium from Iron, Aluminum, Chromium, 
Titanium, Cerium, and Thorium 

Zirconium, although almost always present in small quantities in rocks, is an 
element seldom determined in the past by the analytical chemist. It is very similar 
to titanium in its properties but is much less common. Rocks rarely contain more 
than 0.2 per cent of this element and usually less than 0.005 per cent. Zirconium, 
like titanium, although to less extent, is used in steel-making, so that the steel-works 
chemists are now interested in the determination of zirconium in ores and in the 
metals and alloys derived from them. 

At present the most popular method for determining zirconium^ consists in pre- 
cipitating zirconium dihydrogen phosphate, ZrH 2 (P 04 ) 2 , from a cold or tepid solution 
containing 20 per cent by weight of concentrated sulfuric acid, by means of a large 
excess of diammonium phosphate. In the presence of hydrogen peroxide, titanium 
is not precipitated. In this way zirconium can be precipitated in the presence of 
iron, aluminum, chromium, cerium, and thorium. 

1 Bailey, J. Chem. Soc., 49, 149, 481 (1886); Steiger, J. Wash. Acad. Sci., 8, 
637 (1918); Nicolardot and Reglade, Compt. rend.y 168, 348 (1919); Johnson, Chem. 
Met. Eng., 20, 588 (1919); Ferguson, Eng. Mining J., 106, 793 (1918); Hillebrand, 
Analysis of Silicate and Carbonate Rocks, p. 173, 1919; Lundell and Knowles, J. 
Am. Chem. Soc., 41, 1801 (1919), and /. Ind. Eng. Chem., 12, 562 (1920). 
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Procedure. For small quantities of zirconium (0.5 mg) the volume 
of the solution should be reduced to 25 ml before attempting to pre- 
cipitate zirconium phosphate. With larger quantities, the volume 
should be increased and amount to 200 ml for the precipitation of 0.1 g 
of zirconium. To the neutral solution add concentrated sulfuric acid 
until 20 per cent by weight is present. Add sufficient hydrogen peroxide 
to change all the titanium to pertitanic acid and at least 10 times 
as much ammonium phosphate as required theoretically to form 
ZrH 2 (P 04 ) 2 . For small quantities of zirconium an excess of 100 times 
the theoretical quantity is desirable. Keep the solution at 40-50® for 
2 hours if more than 5 mg of zirconium is present, and for at least 
6 hours if the quantity of zirconium is smaller. Decant as much as 
possible of the supernatant liquid through a filter and wash with cold 
5 per cent ammonium nitrate until the excess ammonium phosphate is 
removed. Do not wash with pure water as it causes hydrolysis of the 
precipitate, leaving less phosphoric acid in proportion to the zirconium. 
Moreover, it is easier to get a white, ignited precipitate when the filter 
and precipitate contain some ammonium nitrate. Ignite very care- 
fully in an open crucible using a low flame until all the filter-paper car- 
bon has been consumed; then raise the temperature to the full heat of 
a M6ker burner or the blast lamp. Weigh as ZrP 207 . 

If the weight of the precipitate exceeds a few centigrams, it is better 
to fuse with sodium carbonate, extract the product with hot water, 
and weigh the residue as Zr() 2 . 

Determination of Zirconium, Aluminum, and Titanium 
in Steel 

Dissolve 5 g of steel in 50 ml of 12 A HCl and add small portions of 
concentrated IINO3 until all the iron is oxidized to the ferric state. 
Evaporate to dryness, moisten the residue with 10 ml of 12 iV HCl, 
and repeat the evaporation, this time baking somewhat to remove any 
nitrates that may remain. Take up the residue in 50 ml of 6 iV HCl 
and heat until all the ferric oxide and basic salts are dissolved. Filter, 
wash the impure silica residue with hot 3 per cent hydrochloric acid, and 
save the filtrate. 

Ignite the impure silica and determine its weight if it is desired to 
know the silicon content of the steel. Treat with HF and H 2 SO 4 as 
described under “ Silicic Acid.^^ Fuse the slight residue with a little 
K2S2O7 (see p. 174). Dissolve the melt in 15 ml of N H 2 SO 4 and add the 
solution to the acid extract obtained after the ether separation described 
in the second paragraph on p. 183. 
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If the steel contains tungsten fuse the residue, after the treatment with HF, with 
6 g NaaCOj, cool, and digest the melt with hot water. Add ashless-filter-paper pulp, 
filter, and wash with 2 per cent NH 4 NO 3 solution. Discard the filtrate but add the 
filter and residue to the original platinum crucible, ignite, fuse with K2S2O7, extract 
the melt with dilute sulfuric acid, and add to the acid extract obtained after treat- 
ment with ether as described in the next paragraph. 

Evaporate the filtrate and washings from the silica determination to 
sirupy consistency, add 40 ml of 6 iV hydrochloric acid, and extract 
with ether as described on p. 179. The ether extract will contain most 
of the iron and molybdenum, and the acid extract will contain some 
iron and all the zirconium, titanium, aluminum, manganese, chro- 
mium and copper, etc., that was present in the steel. Discard the ether 
extract. 

Evaporate the ether from the acid extract, add the sulfuric acid 
solution obtained after the removal of the silica, and heat with 0.5 ml of 
concentrated nitric acid to make sure that all the residual iron is in the 
ferric condition. Dilute to 200 ml, and precipitate the iron, zirconium, 
titanium, manganese, nickel, etc., by adding 20 per cent sodium hydrox- 
ide, with 10 ml in excess. The caustic alkali used should be pure and 
free from carbonate. Dissolve the precipitate in hot 6 N hydrochloric 
acid, and repeat the treatment with caustic soda solution. Use the 
combined filtrates for the aluminum determination and this last precipi- 
tate for the determination of zirconium and titanium. 

Dissolve the precipitate in hot 6 N hydrochloric acid. Inasmuch 
as zirconium phosphate is not easily dissolved by acid, it is possible for 
some zirconium to be left on the filters used for retaining the sodium 
hydroxide precipitate. To recover this, ignite the filters in a platinum 
crucible, fuse the ash with sodium carbonate, and extract the sodium 
salts in the melt by treatment with hot water. Discard this aqueous 
solution, dissolve the residue in hot 6 N hydrochloric acid, and add the 
solution to that containing the greater part of the zirconium. 

Determination of Aluminum, In the absence of chromium, uranium, 
and vanadium, add a few drops of methyl red indicator solution, neu- 
tralize with hydrochloric acid, and add 4 ml of concentrated acid in 
excess for each 100 ml of solution. Make barely alkaline with am- 
monia, boil 3 minutes, and set aside for 10 minutes. If no precipitate 
forms, the absence of aluminum is assured. If a precipitate is obtained, 
filter it off and discard the filtrate. Without washing the precipitate, 
dissolve it in as little hot 6 N hydrochloric acid as possible. Dilute 
to 50 ml, neutralize with ammonia, and add 2 ml of concentrated nitric 
acid. Heat to 50® and precipitate phosphorus with ammonium molyb- 
date as described under the “ Determination of Phosphorus in Steel 
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by the Blair method.’^ Filter and wash with ammonium acid sulfate 
solution and discard the precipitate of ammonium phosphomolybdate. 
Precipitate the aluminum hydroxide again with ammonium hydroxide 
as described above. Filter, discard the filtrate, redissolve in hot 3 N 
hydrochloric acid, and reprecipitate. After washing with 2 per cent 
ammonium nitrate, ignite and weigh as AI 2 O 3 . After so much manip- 
ulation, this precipitate is certain to contain a little silica from the 
reagents and glassware. It should be treated with sulfuric and hydro- 
fluoric acid to volatilize silicon fluoride as described under Silicic Acid,’’ 
or a blank may be made carrying out every operation described above 
with a solution containing no iron or aluminum. 

If the steel contains chromium, proceed as above until the filtrate 
from the ammonium phosphomolybdate precipitate is obtained. Con- 
tinue as above, but before the first precipitation of the aluminum hydrox- 
ide and phosphate, add a little sodium peroxide to oxidize the chro- 
mite to chromate. Then use nitric acid instead of hydrochloric acid 
to neutralize the alkaline solution. The first precipitate produced by 
ammonia will then be free from chromium. 

If the steel contains uranium, use ammonium carbonate instead of 
ammonium hydroxide for the final precipitation of the aluminum. 

If the steel contains vanadium, the weighed AI 2 O 3 will contain some 
vanadium. Fuse the precipitate with potassium pyrosulfate, extract 
the cold melt with 5 per cent sulfuric acid, and determine the vanadium 
content as described under Vanadium.” Make a corresponding deduc- 
tion from the weight of impure alumina. 

Determination of Zirconium and Titanium. Dilute the hydrochloric 
acid solution, obtained after dissolving the sodium hydroxide precipitate 
in the preceding directions, to 250 ml. Neutralize partly with ammo- 
nium hydroxide but leave about 5 per cent by volume of 6 V hydro- 
chloric acid. Add 2 g of tartaric acid and precipitate any copper by 
introducing hydrogen sulfide. Filter if necessary. Add ammonia to 
the solution which is saturated with hydrogen sulfide and introduce more 
of the gas. Filter and wash with water containing 2 per cent of am- 
monium chloride and a little ammonium sulfide. If a precipitate forms 
in the filtrate, heat tv boiling and filter through a new filter. The 
precipitate contains, besides FeS, most of the manganese and all the 
nickel and cobalt as sulfides. It is advisable to determine these elements 
in another portion of the steel. 

Neutralize the ammonium sulfide filtrate with sulfuric acid, and add 
30 ml of concentrated acid in excess. Digest on the steam bath imtil 
sulfur and sulfides have coagulated. Filter; wash with 100 ml of 10 
per cent sulfuric acid by volume. Cool the filtrate in ice water. 
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Slowly add, with stirring, an excess of a cold 6 per cent solution of 
cupferron (ammonium nitrosophenylhydroxylamine). The excess of 
the reagent is shown by the formation of a white cloud on adding the 
reagent and the cloud disappears instead of forming a permanent 
coagulated precipitate. After waiting 10 minutes, filter with gentle 
suction and wash thoroughly with 10 per cent hydrochloric acid. Dis- 
card the filtrate. Carefully ignite in a weighed platinum crucible and 
weigh the Zr 02 and Ti 02 . 

Fuse the weighed oxides with potassium pyrosulfate and determine 
the titanium colorimetrically as described on p. 159. Deduct the 
corresponding weight of Ti 02 from the weight of the two oxides, or 
carry out the tannin separation described on p. 223. 

Remarks. Phosphorus does not interfere appreciably. Vanadium causes some 
trouble. If present in the steel, fuse the weighed cupferron precipitate with sodium 
carbonate and determine the vanadium in the water-soluble extract. Fuse the 
insoluble residue with potassium pyrosulfate and determine the titanium colorimetri- 
cally. 

Uranium may interfere slightly when present in the quadrivalent state. If this 
element is suspected, boil off all the hydrogen sulfide before the cupferron precipi- 
tation and oxidize the uranium to the sexivalent condition by means of permanga- 
nate and then proceed with the cupferron precipitation. 

Thorium and cerium interfere but arc not thrown down quantitatively with the 
zirconium and titanium. If these elements are suspected, proceed as follows: 
Take the solution after the colorimetric, determination of titanium and add an 
excess of potassium hydroxide solution. Filter and wash once or twice by decantation 
and then a few times on the filter with water. Transfer to a platinum dish, add 
hydrofluoric acid, and evaporate nearly to dryness. Take up in 5 ml of 5 per cent 
hydrofluoric acid (by volume). If no precipitate is visible, the rare earths are 
absent. If a precipitate is obtained, filter off the fluorides on a small filter resting 
in a Bakelite funnel or a glass funnel thoroughly coated with paraffin on the inside. 
Wash the crude fluorides back into the platinum dish, add the ash of the filter, and 
evaporate to dryness with a little sulfuric acid. Take up in hydrochloric acid and 
precipitate the rare earth hydroxides with ammonia. Filter, redissolve in hydro- 
chloric acid, evaporate to dryness, and treat the residue with 5 ml of boiling-hot 
5 per cent oxalic acid solution. After 15 minutes, filter, wash with less than 20 
ml of 5 per cent oxalic acid, ignite, and weigh. Multiply the weight obtained by 
1.18 to allow for an imperfect separation of the rare earths, and deduct the weight 
from that of the ZrOa obtained by the above procedure. 

Separation of Beryllium (Glucinium) and Uranium 

These two elements rarely occur together except in a few minerals. Neither of 
them is precipitated in the cold by adding an excess of ammonium carbonate to 
the acid solution, and in this respect they are different from iron and aluminum. By 
boiling the ammonium carbonate solution, however, basic beryllium carbonate 
is precipitated. If the boiling is continued long enough to make the precipitation 
of the beryllium quantitative, some uranium is thrown down, probably as ammonium 
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uranate, (NH4)2U207. Hydroxylamine serves to prevent the precipitation of the 
latter compound by ammonium hydroxide but it does not prevent precipitation of 
beryllium hydroxide. Brinton and Ellestad^ found it possible to develop a satis- 
factory method of separating beryllium and uranium by using both ammonium car- 
bonate and hydroxylamine hydrochloride. 

Procedure. To the hydrochloric acid solution containing not more 
than 0.2 g beryllium and 0.3 g uranium in a volume of about 250 ml, 
add 5 g of ammonium chloride, unless already present, and 5 g of 
hydroxylamine hydrochloride. Add concentrated ammonium carbon- 
ate solution until the precipitated carbonates dissolve completely in 
the excess of reagent. Heat to boiling and continue boiling for 30-60 
seconds after the heavy white precipitate of basic beryllium carbonate 
forms. Filter without delay and wash thoroughly with cold water. 
This precipitate will contain the greater part of the beryllium and 
should contain no uranium. 

Add hydrochloric acid in slight excess to the filtrate and heat to 
remove all the carbon dioxide. Add 1 g more of hydroxylamine hydro- 
chloride and a slight excess of ammonium hydroxide after the solution 
has cooled. This causes the precipitation of the remainder of the 
beryllium as Be (OH) 2 . Filter and wash with 2 per cent ammonium 
nitrate solution containing a little hydroxylamine hydrochloride. 
Ignite the two precipitates in a crucible, finally heating over the blast or 
M^ker burner, and weigh as BeO. 

To determine uranmm, make the filtrate from the last precipitation 
acid with hydrochloric acid, and to the cold solution add small portions 
of alkali bromate (keeping the beaker covered with a watch glass to 
prevent loss by spattering) until the solution shows the color of dissolved 
bromine. In this way the hydroxylamine is oxidized. Heat the solu- 
tion to boiling and precipitate ammonium uranate from the hot solution 
by adding a slight excess of ammonium hydroxide. Wash with 2 per 
cent ammonium nitrate solution containing a little ammonia but no 
hydroxylamine hydrochloride. Ignite and weigh as UaOs. 

Separation of Uranium from Iron and Aluminum 

Treat the slightly acid solution, containing considerable quantities of 
ammonium salts, with an excess of ammonium carbonate and then with 
ammonium sulfide, allow to stand for some time in a closed flask, finally 
filter, and wash with water containing ammonium sulfide. 

The precipitate contains the iron as sulfide and the aluminum as 
hydroxide; in the filtrate is found all the uranium as (NH 4 ) 4 U 02 (C 03 ) 3 . 


1 J. Am. Chem. Soc., 46, 395 (1923). 
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Dissolve the precipitate in hydrochloric acid. Pvxpel hydrogen sulfide 
by gently boiling, oxidize the ferrous salt to ferric salt by the addition 
of nitric acid, and determine the iron and aluminum by one of the 
methods described on pp. 167-172. 

Evaporate the filtrate containing the uranium almost to dryness, 
make acid with hydrochloric acid, boil, and precipitato the uranium 
as ammonium uranate by the addition of ammonia which contains no 
carbonate. Filter off the precipitate promptly, wash with 2 per cent 
ammonium nitrate solution to which a little ammonia has been added, 
dry, ignite, and weigh as UsOa- 

The result obtained can be verified by heating tlu^ residue repeatedly 
in a current of hydrogen in a Rose crucible (see “ Copper Determina- 
tion ”) until a constant weight of U ()2 is obtaiiu'd. The purity of the 
precipitate can also be tested volumctrically (see Chapter XV). 

Separation of Beryllium from Aluminum 

Beryllium, although a bivalent metal of Group II in the periodic classification, 
resembles aluminum in its reactions. Ordinarily it is determined as BeO after 
precipitation with NH4OH. Because of the colloidal nature of the precipitate, the 
results are likely to be a little high. Moser^ recommends the first two of the follow- 
ing methods of precipitating Be(OH)2. 

(а) To the slightly acid solution containing about 0.1 g of BeO in 100 ml, add 
sodium carbonate till a slight turbidity results, dissolve this in hydrochloric acid, 
heat to 70° and, while passing a current of air through the solution, add 50 ml of 
6 per cent ammonium nitrite and 20 ml of methyl alcohol. The current of air helps 
to remove nitrous fumes, and the alcohol serves to form nitrous ester. 

(б) Dilute the solution containing al)out 0.1 g of BeO to 300-400 ml, add 20-30 g 
of ammonium nitrate, and heat to boiling. Add about 1.25 g of tannin and am- 
monium hydroxide, drop by drop, until no further precipitation takes place. If 
alkali cation is present, and no other cation is permissible, dissolve the precipitate 
in dilute hydrochloric acid and repeat the precipitation as before. 

(c) The following method for separating beryllium from aluminum depends 
on the fact that, by fusing a mixture of BeO and AI2O3 with sodium carbonate, 
the former oxide is unattached and the latter is transformed into water-soluble 
sodium aluminate.2 

Procedure. Fuse the oxides for 2 to 3 hours with 5 g of sodium 
carbonate at a temperature slightly above the melting point of the 
flux. Cool, digest the melt with 300 ml of water on the steam bath, 
filter, and wash the undissolved residue thoroughly with hot water. 
Ignite strongly and weigh as BeO. In the filtrate determine the alumi- 
num by Blum’s method (p. 148). 

' Moser and Singer, Monatsh.^ 48 , 673 (1927). 

* Wunder and Wenger, Z. anal. Chem., 61, 470 (1912). 
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If the original oxides weighed only about 0.25 g, a single fusion usually suffices to 
accomplish a satisfactory separation; but if more is used it is advisable to fuse again 
with sodium carbonate and repeat the above treatment. 

Hillebrand and LundelU state that the best methods for separating beryllium 
from aluminum are those in which the aluminum is precipitated by 8-hydroxyquino- 
line (p. 151) or as chloride by passing HCl gas into a cold solution of the two chlorides 
in a mixture of equal parts concentrated HCl and ether. Parsons and Barnes^ 
recommended precipitating the aluminum in a boiling 10 per cent solution of NaHCOa, 
but some beryllium is always carried down with the alumina and the separation is un- 
satisfactory in the presence of phosphate which causes precipitation of Be, Ti, Zr., etc. 

(b) DIVISION OF THE PROTOXIDES 
MANGANESE, NICKEL, COBALT, ZINC 
Manganese, Mn. At. Wt. 64.93 
Forms: MnS 04 , MnS, Mn 304 , Mn 2 P 207 
1. Determination as Manganous Sulfate, MnS 04 

This method, first proposed by Volhard,^ gives accurate results pro- 
vided that no other sulfate is present. Heating at 450-500° for an hour^ 
is sufficient to remove all moisture and excess sulfuric acid. Long heat- 
ing (17 hours) at 580° causes slight darkening, but even then the results 
are accurate. 

Dissolve the oxide obtained by the ignition of the carbonate, sulfide, 
or of manganous manganite, in as little as possible of strong sulfuric 
acid, and some sulfurous acid if necessary to reduce Mn 304 , in a por- 
celain crucible. Evaporate as far as possible on the water bath, remove 
the excess acid by heating in an electric oven, gradually raise the tem- 
perature to 450°, and keep it there for 30 minutes. The heating can 
take place in an air bath (p. 31). When the air bath is used, finally 
cover both crucibles and heat over a good Bunsen burner for 10 minutes. 

(a) Precipitation of Manganese as Carbonate 

This method is suitable only for the determination of manganese in 
solutions of pure manganese salts containing nothing else except alkali 
and ammonium salts. 

^ Applied Inorganic Analysis. 

*J. Am. Chem. Soc., 28, 1589 (1906). 

* Ann. Chem. Pharm., 198, 328 (1879). Cf. Marignac, Arch. sd. phys. not. [3], 
10, 25 (1883); Meineke, Chem. Ztg., 9, 1478, 1787 (1885); Friedheim, Z. anal. Chem.^ 
38, 687 (1899); Gooch and Austin, Am. J. Sci.^ 6 , 209; Blum, J. Am. Chem. Soc.^ 
34, 1382 (1912). 

< Blum recommends a longer period of heating, but in his experiments he was 
working with 2.4 g of manganous sulfate and considered the weight constant only 
when the variation was less than 0.3 mg after heating for protracted periods. 
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According to H. Tamm,^ the precipitation is best accomplished by 
means of ammonium carbonate. For this purpose treat the neutral 
solution (which may contain other ammonium salts) with a slight excess 
of ammonium carbonate, heat gently, and allow the beaker containing 
the solution to remain in a lukewarm water bath until the precipitate 
has settled and the upper liquid has become clear. 

Filter off the precipitate, wash with hot water, dry, ignite, and weigh 
as sulfate as described above. 

Remark. If either soclium or potassium carbonate is used to precipitate the 
manganese, the precipitate will always contain alkali carbonate that cannot be 
removed by washing. After the precipitate has been ignited, however, -the alkali 
carbonate can be easily extracted by water. Furthermore, the precipitation is not 
quite quantitative; the filtrate always contains small amounts of manganese. 

(b) Precipitation of Manganese as Sulfide 

This method is employed when it is necessary to separate manganese 
from calcium, strontium, barium, and magnesium. To the acid solu- 
tion, which contains not more than 0.3 g of manganese and no other 
cation that forms an insoluble sulfide, together with enough ammonium 
salt to prevent precipitation of magnesium as hydroxide, add concen- 
trated NH4OH and 2 ml in excess. Transfer the solution to a 250-ml 
Erlenmeyer flask and dilute to about 150 ml. Saturate with H 2 S, add 
2 ml more of NH4OH, and dilute with recently boiled and cooled water 
to the neck of the flask. Stopper the flask and allow to stand over 
night. Filter uninterruptedly through paper, and wash with a cold 
2 per cent solution of NH4CI containing a little NH3 and H 2 S. Keep 
the funnel nearly filled with liquid all the time, to prevent atmospheric 
oxidation. Dissolve the washed precipitate of manganous sulfide in 
dilute hydrochloric acid, evaporate the solution to dryness to remove all 
hydrogen sulfide, dissolve the residue in a little water, transfer the 
solution to a weighed crucible, and determine as sulfate. Manganous 
sulfide can also be weighed as such. (See p. 190.) 

(c) Separation of Manganese as Manganese Dioxide 

If a dilute solution of a manganous salt is treated with bromine water and boiled, 
the reaction 

MnCb + Br 2 + 2 II 2 O ^ Mn02 + 2HC1 H- 2HBr 

does not take place unless the halogen acids are neutralized as fast as they are formed. 
This neutralization can be accomplished by means of the salt of a weak acid, such as 
sodium acetate, even when the solution contains free acetic acid, which is very slightly 

» Chem. News, 26 , 37 (1872), and Z. anai. Chem., 11 , 425 (1872). 
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ionized in the presence of its alkali salt. Thus in a solution such as is obtained after 
the removal of iron and aluminum by a basic acetate separation (cf. p. 209), the 
manganese can be precipitated quantitatively by boiling with an excess of bromine 
water. The oxide does not correspond exactly to Mn02, although most of the 
manganese is in the quadrivalent condition.^ When the precipitate has collected in 
large flocks, discontinue the boiling and allow the precipitate to settle; filter, and 
wash with hot water. Some chemists ignite this precipitate and weigh as MnaOi, 
but it is more accurate to dissolve the precipitate in a mixture of HCl and HaSOj 
and to precipitate the manganese finally as manganese ammonium phosphate. 
(See 4, p. 191.) . 

Chlorine, hydrogen peroxide, hypochlorites, etc., may be used instead of bromine 
but these reagents have no special, advantages. 

If the solution of the manganous salt also contains ammonium salts the precipita- 
tion of the manganese does not take place by the above procedure, because the 
sodium acetate serves rather to neutralize the acid set free by the following reaction: 

2NH4CI + 3Br2 = N2 4- 2HC1 + 6HBr 

Upon the addition of ammonia, however, the precipitation of the manganese can be 
effected. In this case, it seems fair to assume that the reaction goes through the 
following stages: 

MnCb 4- 2NII4OH Mn(OH)2 4- 2NH4CI 
Mn(OH)2 4- Bra 4- 2NH4OH = MnO(OH)2 + 2NH4Br + H2O 

The precipitation with bromine and ammonia is not so satisfactory as with bromine 
alone because when ammonia or ammonium salt is present much of the bromine is 
used up in oxidizing them. In that case there is considerable evolution of nitrogen, 
and, moreover, when an excess of bromine is added the solution may become acid 
enough to dissolve the precipitated manganese. 

2NH3 4- 3Br2 = 6HBr + N2 

It is necessary, therefore, when ammonium salts are present to make sure that the 
solution is amrnoniacal at the end of the operation. 

This method of precipitating manganese from solutions possesses disadvantages 
which make it useless in many cases. If, besides manganese, the solution contains 
calcium, zinc, etc., manganites of these metals are precipitated with the manganese. 
In this case the precipitate must be dissolved in hydrochloric acid and the precipi- 
tation repeated several times, but even then it is not possible to obtain a precipitate 
altogether free from these metals. If the other metals are present only in small 
amounts, the results obtained by this method are sufficiently accurate. The pre- 
cipitation of manganese as sulfide in the presence of other metals is always satisfactory 
and should be used almost invariably, 

2. Determination of Manganese as Sulfide 

If the manganese has been precipitated, as described on p. 189, as 
sulfide, separate the precipitate from the filter as completely as possible, 

1 The Mn02 acts as the anhydride of metamanganous acid, H2Mn08, and some 
manganous manganite, MnMnOj or Mn208, is contained in the precipitate. 
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place in a Rose crucible (of unglazed porcelain) (Fig. 23, p. 67), bum 
the filter in a platinum spiral, and add the ash to the main portion of 
the precipitate. Add some pure sulfur which has been crystallized from 
CS 2 , and heat the crucible and its contents in a current of hydrogen. 
After the excess of sulfur has distilled off and burned, cool the crucible in 
the stream of hydrogen and weigh the precipitate as MnS. 

3. Determination of Manganese as MnaOi 

Inasmuch as all the oxides of manganese, as well as those compounds 
which are converted into oxide on ignition (manganous salts of volatile 
organic and inorganic acids, with the exception of the halogen salts), 
are converted into Mn 304 ^ on being heated in the air, at temperatures 
between 940® and 1100®, it follows that this method for the determina- 
tion of manganese is quite generally applicable. It is nearly as accurate 
as the methods described under 1 and 2, if the ignition of the precipitate 
takes place in an electric furnace at about 1000®, and very good results 
are obtained if, as recommended by Gooch, ^ the porcelain cmcible 
(containing the carbonate, manganous manganite, or sulfide) is entirely 
surrounded by the oxidation flame of a Teclu burner, whereby a moder- 
ately high heat is obtained without too much free access of air. 

After the ignition, cool the cmcible and its contents in a desiccator 
and weigh the MnaOi. 

4. Determination of Manganese as Pyrophosphate, Mn 2 p 207 

This excellent method was recommended by W. Gibbs* and subse- 
quently studied by Gooch and Austin;^ it is probably the best gravi- 
metric method for determining manganese. 

To the slightly acid solution, containing manganese equivalent to not 
more than 0.5 g Mn 2 P 207 in 250 ml, and no other metals except alkalies, 
add 20 g of NH 4 CI and 1 to 2 g of diammonium phosphate (NH 4 ) 2 HP 04 . 
Heat to boiling, clear the solution if necessary with a few drops of 
6 N HCl, and then add dilute NH 4 OH dropwise with constant stirring. 
As soon as a precipitate appears stop adding NH 4 OH and stir until the 
precipitate assumes a silky, crystalline appearance. Continue boiling 
all the time. Finally add 0.5 ml of concentrated NH 4 OH and cool, 

1 Cf. R. J. Meyer and K. Retgers, Z. anorg. Chem., 67, 104 (1908), at 630® the 
oxides of manganese are slowly but quantitatively changed into MnjOs. 

* Z. anorg. Chem., 17, 268 (1898). 

» Am. J. Sd , 46, 216; Z. anal Chem., 7, 101 (1868). 
anorg. Chem.j 18, 339 (1898). 
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preferably in ice water. Let stand 2 to 3 hours, filter through paper or 
into a Gooch crucible, wash with cold, slightly ammoniacal, 10 per cent 
ammonium nitrate solution, dry, and heat to constant weight at about 
1000°. If a paper filter is used heat at as low a temperature as possible 
until all carbon is removed. Cool in a desiccator and weigh as Mn 2 P 207 . 

Manganese can be determined very accurately by volumetric methods 
(see Chapter XV). 

5. Colorimetric Determination of Manganese 

Small quantities of manganese can be determined accurately and quickly by a 
colorimetric method. The method depends upon the oxidation of Mn'^"'' to strongly 
colored Mn04“ and can be accomplished by such agents as alkali periodate, ammo- 
nium persulfate in the presence of silver ions, sodium bismuthate, or lead dioxide. 
Alkali periodate or ammonium persulfate in the presence of silver ions is usually 
preferred because no filtration is necessary. The reactions are : 

2Mn++ + SSiOs” + 8H2O + [Ag+1 -> 2Mn04“ + IOSO4" + 16H+ + [Ag+1 
2Mn++ + 5IO4" + 3H2O -> 2Mn04“ + 510," + 6II+ 

Procedure. Free the solution from reducing agents, if necessary, by 
boiling with nitric acid. If an insoluble carboniferous residue is present, 
as in the analysis of cast iron, it should be filtered off. Carbides, which 
are present in solution when steel is analyzed, should be oxidized by 
boiling with a little (NIl4)2S208. If chlorides are present, evaporate 
with nitric and sulfuiic acids until fumes of the latter appear. When 
ready for the test, 100 ml of the solution should contain the equivalent 
of 20 ml concentrated nitric acid and in addition 10-15 ml of concen- 
trated H2SO4 or 5-10 ml of sirupy H3PO4 or a mixture of H2SO4 and 
H3PO4. The colorimetric comparison is best made with not over 1 mg 
of Mn in 50 ml of solution. 

With Periodate, Add 0.2-0.4 g of KIO4 or NaI04 or 0.3-0.5 g of 
Na3H2l06. Boil 1 minute, keep hot 5-10 minutes, dilute to the proper 
volume, and compare with standards of known manganese content 
which have been treated in the same way. 

With Persulfate. Add 15 ml of 0.1 iV AgNOa solution and 1 g of 
(NH4)2S208. Heat to develop the color, and continue heating for 30 
seconds after the oxidation starts and bubbles of oxygen appear from 
decomposition of the persulfate. Cool and compare with standards 
which have been treated in the same way. A colorimeter is convenient 
but Nessler tubes are satisfactory. 
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NICKEL, Ni. At. Wt. 68.69 

Forms: Nickel Dimethylglyoxime, NiC 8 Hi 4 N 404 ; Nickel, Ni; and 
Nickel Oxide, NiO 

1. Determination as Nickel Glyoxime 

Dimethylglyoxime, CHs-CNOH-CNOH-CHs, was recommended by L. Tschu- 
gaeff^ as a reagent for nickel and used by K. Kraut^ for detecting the presence of 
traces of nickel in ashes. O. Brunck^ and others have also studied the reaction and 
have found it to furnish a most rapid and accurate method for the exact estimation 
of nickel either by itself or in the presence of cobalt, zinc, and manganese. If the 
solution contains tartaric acid enough to prevent the precipitation of iron by ammo- 
nia, the nickel in a sample of nickel steel can be determined accurately within 2 hours 
and without the removal of any other metal. 

When a dilute, neutral solution of a nickel salt is treated with an alcoholic solution 
of dimethylglyoxime, a red, crystalline precipitate of nickel dimethylglyoxime is 
formed. 

NiCL + 2(CH3)2C2 (NOH)j = [(CH3)2C2NOH.NO]2Ni + 2HC1 

Dimethylglyoxime Nickel dimethylglyoxime 

The salt is soluble in mineral acids so that precipitation is incomplete because of 
the acid set free in the reaction. It becomes quantitative, however, if the mineral 
acid is neutralized by ammonia or if sodium acetate is added, whereby the mineral 
acid is replaced by acetic acid in which the precipitate is practically insoluble. Large 
quantities of ammonium salts or of alkali acetate do no harm, but an excess of ammo- 
nia tends to retard the formation of the precipitate. The precipitate is distinctly 
soluble in absolute alcohol, but only traces dissolve in 50 per cent alcohol, and in 
more dilute alcohol it is even less soluble. When thrown down in the cold or in the 
presence of much free ammonia the precipitate is very voluminous and hard to filter. 

Ferrous iron gives a deep red compound with dimethylglyoxime and ammonia; 
traces of ferrous iron can be detected in this way. The presence of a little ferrous iron 
does not, however, hurt the results and good values are obtained even when the color 
becomes deep red on standing after the addition of the reagent. If the solution is 
allowed to stand for some time before the nickel precipitate is filtered off, and an 
excess of reagent was used, some dimethylglyoxime often precipitates and can be 
seen in the form of long, white needles on top of the red nickel precipitate in the 
filtering crucible. This can be removed by washing with 50 per cent ethyl alcohol. 
The method is very accurate and can serve for determining large as well as snaall 
quantities of nickel, provided that not more than 0.1 g of Ni is present in the solution 
analyzed. 

Procedure. Dilute the neutral or slightly acid^ solution so that not 
more than 0.05 g of nickel is present in 200 ml, heat nearly to boiling, 
and treat with a slight excess of a 1 per cent solution of dimethylglyoxime 

1 Z. anorg. Chem.y 46, 144 (1905); Ber., 38, 2520 (1905). 

»Z. angew. Chem., 19, 1793 (1906); iWd., 20, 1844 (1907). 

* Ibid , 20, 834 (1907); Stahl u. Eisen, 28, 331. 

* If strongly acid, neutralize with NH4OH. 
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in ethyl alcohol.* Carefully add ammonia until the solution smells 
slightly of it after blowing away the fumes. Allow to stand an hour if 
convenient, filter, while still hot, into a Gooch or Munroe crucible, 
wash with hot water, and dry at 110® to 120° for 45 minutes. The 
precipitate contains 20.31 per cent Ni. 

The nickel salt of dimethylgly oxime is red and crystalline. It con- 
tains no water of crystallization and sublimes at 250° without decom- 
position. Examine the precipitate in the crucible to see if any white 
needles of dimethylgly oxime are present. If found, dissolve them by 
washing with 50 per cent ethyl alcohol. 

2. Determination of Nickel as Metal by Electrolysis 

Nickel is above hydrogen in the potential series of the elements so that from acid 
solutions it is easier to discharge hydrogen ions than to deposit nickel, unless a mer- 
cury cathode is used. W. Gibbs^ showed, however, that it is easy to get complete 
deposition upon the cathode when the nickel solution is strongly ammoniacal and 
contains considerable ammonium salt. A suitable electrolyte can be obtained by 
adding excess ammonia and ammonium salt to a solution containing nickel as sulfate 
or chloride. The presence of nitrate is usually avoided although it has been found 
possible to effect complete deposition of nickel from a nitrate solution provided that 
no nitrous acid is present. Nitrous acid can be removed from a solution of a metal 

in nitric acid by gentle boiling or by treating 
the solution with urea, CO(NH 2 ) 2 . In the 
electrolysis of nitrate solution an anode of 
passive iron has been recommended. This can 
be obtained by taking an iron wire of 1.5-mm 
diameter, cleaning it in HCl, dipping it into 
15 N HNO3, and promptly washing it with 
water and alcohol. When a platinum anode is 
used with a nitrate solution, a little platinum 
goes into solution at the anode and is deposited 
on the cathode; this causes high results in the 
nickel determination. 

A suitable electrolytic cell consists of a 125- 
ml beaker, a platinum gauze cathode, and a 
smaller gauze or spiral anode (Fig. 39). The 
cathode should reach to the bottom of the 
beaker, and the top of the gauze cylinder 
should extend a little above the surface of the 
liquid. It may be desirable to use a platinum 
dish as cathode, as recommended by Classen. 

The electrodes can be connected with an 
electrode stand on which metal arms are 
attached to an upright glass rod (Fig. 39). 



1 Use 40 ml of 1 per cent solution for 0.1 g of nickel. 

* Z. anal. Chem., 3 , 334 (1864); cf. Fresenius and Bergmann, Und., 19 , 320 (1880). 
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To prevent serious loss of electrolyte by spattering, cover the beaker with two 
halves of a watch glass. This is not entirely satisfactory, as when much gas is 
evolv^ a little of the liquid is still carried off mechanically. This method of 
fastening the electrodes, moreover, has the disadvantage that, when the electrolysis 
is carried out in a hot solution, acid or ammoniacal vapors, as the case may be, 
condense on the brass arms of the electrode support; some of the liquids thus con- 
densed dissolve brass, and the resulting solution may drop into the beaker and spoil 
the analysis. To prevent this, it is better to bend the ends of the electrodes to a right 
angle and connect with an electrode stand designed as shown in Fig. 40. 



This electrode holder consists of two brass rods insulated from each other by means 
of an intervening layer of mica, and the rods are fastened to the ring r through a piece 
of ebonite, e. The openings to hold the wires are cut wedge-shaped, so that wire of 
any shape can be inserted. 

Since the ends of the electrodes leave the beaker in a horizontal direction, the 
beaker can be covered tightly by means of a whole watch glass, and not only are 
losses by spattering avoided, but there is absolutely no danger of contamination 
from the outside. 

Originally all electrolytic determinations were made with stationary electrodes and 
a weak current was passed through the solution for a long time. If too strong a 
current was used, very often the deposits were spongy and did not adhere well to 
the electrodes. This was due to the fact that hydrogen gas began to form at the 
cathode before the deposition of the metal was anywhere nearly complete. It 
was found, however, that, by stirring the electrolyte or by heating it so that the ions 
of the metal were kept constantly in contact with the cathode without waiting for 
their transference through the solution as a result of electric attraction, the current 
could be increased considerably and the time required shortened correspondingly. 
Thus by working in a concentrated solution and with a stirred electrolyte it is possible 
to deposit all the copper from a solution in a few minutes, whereas formerly about 20 
hours would have been recommended. The Braun electrolytic apparatus (Fig. 24 on 
p. 74) has been found very satisfactory for such work with stirred electrolytes. 
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The Electrolysis of Ammoniacal Nickel Solution 

For every 0.25-0.30 g nickel present as sulfate or chloride but not 
as nitrate,^ add 5-10 g of ammonium sulfate and 30-40 ml of concen- 
trated ammonia; dilute the solution with distilled water to a volume 
of 150 ml. Electrolyze this solution at the room temperature with a 
current of 0.5-1. 5 amperes and a potential difference between the 
electrodes of 2.8-3. 3 volts. The electrolysis is finished in about 2 hours, 
as can be shown by adding a little water and allowing the current to 
pass through the solution for 15 or 20 minutes longer. If at the end of 
this time no nickel has deposited upon the electrode surface which was 
wet for the first time by the last dilution, the determination is finished. 
If the solution is kept at a temperature of 50-60° C, only about 1 hour 
is necessary for the deposition, and the deposit adheres better to the 
electrode and is bright, possessing almost the color of platinum. 

As soon as the electrolysis is finished, remove the watch glass, raise 
the electrode holder so that only the bottoms of the electrodes remain 
in the liquid, and wash the upper parts of the electrodes thoroughly 
with water from a wash bottle. Then raise the electrodes entirely out 
of the solution and wash the bottoms immediately with water. Turn 
off the current, rinse the cathode with alcohol, dry by heating at 105° 
for a few minutes, cool, and weigh. 

To clean the cathodej place it in a small beaker, add enough 6 N nitric acid to wet 
all the nickel, and heat for at least 15 minutes. This treatment is absolutely neces- 
sary to remove the last tractes of nickel. If this is not done, the electrode on being 
ignited becomes discolored, and it is then very difficult to clean the electrode by 
repeated treatment with acid followed by ignition. The addition of a little copper 
salt to the nitric acid helps to dissolve the nickel deposit. To make sure that all the 
nickel has been deposited from the electrolyzed solution, nearly neutralize the 
ammonia with hydrochloric acid and add a few cubic centimeters of a 1 per cent 
solution of dimethylglyoxime in alcohol. When less than 0.1 ing of nickel is present, 
it will take several minutes for a yellow coloration to appear, and soon afterward the 
red crystals of nickel salt will be precipitated. 

The nickel not deposited by an electrolysis may be estimated accurately by shaking 
the solution thoroughly and comparing the color produced by the addition of di- 
methylglyoxime with that produced with a dilute nickel solution containing a known 
quantity of nickel. Naturally such a colorimetric test can be used only with very 
small quantities of nickel. 

Remark. The electrolysis of nickel from an ammoniacal solution should not be 
continued for too long a time, because the cathode slowly gains in weight even after 
all the nickel has been deposited from the solution. The anode is attacked, causing 
platinum to go into solution, which is deposited upon the cathode, partially, at least. 

The presence of too little ammonia often results in the formation of black Ni(OH)8 
at the anode; the analysis then comes out too low. Copper, cobalt, and zinc will 
be deposited under the above conditions. 


1 Of. p. 194. 
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3. Determinatio!! as Nickelous Oxide 

Heat the nickel solution in a porcelain dish with bromine water and 
an excess of pure potassium hydroxide; the nickel is precipitated as 
brownish black nickelic hydroxide, Ni(OH)8. Filter off the precipitate, 
wash by decantation with hot water, dry, and, after burning the filter, 
heat strongly and weigh as NiO. The grayish green oxide thus obtained 
always contains small quantities of silicic acid and alkali, ^ so that the 
results are too high. By treating the ignited mass with hot water, the 
greater part of the alkali can be removed. Drying and again igniting 
gives the weight of NiO -f Si02. Treat the oxide in a porcelain crucible 
with hydrochloric acid, evaporate to dryness, moisten the dry residue 
with concentrated hydrochloric acid and then with hot water, filter 
through a small filter, wash with hot water, and ignite the filter together 
with the residue in a platinum cnicible. The weight of this silica, 
Si02, subtracted from the former weight of NiO + Si02, gives good 
results. 

Remark. It ia possible to precipitate nickel quantitatively as Ni (OH)a by means 
of caustic potash alone and the precipitate can be changed to NiO by ignition. 
This method is open to the same objections as the above and, furthermore, Ni(OH)8 
is not so easily filtered and washed as Ni(On)s. 

These two methods are more tedious to carry out and since the results are not as 
accurate as those of the first two methods described they will probably not be used 
much in the future. 

Besides the methods described, it has been proposed to precipitate nickel as the 
sulfide, and weigh it as the oxide by ignition in air . 2 The method is good but hardly 
comparable with the dimethylglyoxime method, the electrolytic method, or the 
volumetric titration with potassium cyanide. 


Cobalt, Co. At. Wt. 68.94 
Forms: Co, C 0 SO 4 , Co(CioH60NO)3 

1. Determination as Metal 
(a) By Electrolysis 

The most accurate method for the estimation of cobalt is by elec- 
trolysis, and the details of the process are precisely the same as have 
been given under “ Nickel,'^ i.e., from a strongly ammoniacal solution 

' Cf. A. Windelschmidt, Dissertation, Munster, 1907, and W. D. Treadwell, Dis- 
sertation, Zurich, 1909. 

. 2H. Cormimboef, Ann. chim. applicata, II, 6 (1906). Cf. A. Windelschmidt, 
loc.cit. 
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containing ammonium salts and the sulfate or chloride (preferably the 
sulfate) of cobalt. It is customary to use a little more ammonia than 
in the determination of nickel, because cobalt has a greater tendency to 
deposit as black Co(OH)3 at the anode. The duration of the electrolysis 
is the same as with nickel, rather than somewhat longer. At the end 
of the determination, after the electrodes have been removed, test the 
entire solution for cobalt by boiling off ammonia, making acid with a 
little acetic acid, and adding 5 ml of water which has been saturated 
with H2S. Compare the color with that produced similarly with known 
quantities of cobalt. Make a corresponding correction to the weight of 
cobalt obtained by electrolysis. 

(b) By Reduction of the Oxide in a Stream 
of Hydrogen 

Heat the cobalt solution to boiling in a porcelain evaporating dish, 
and precipitate the cobalt as black cobaltic hydroxide by the addition 
of caustic potash and bromine water. Filter off the precipitate,' dry, 
and ignite. Then cool and treat the oxides with water to remove the 
small quantity of alkali which is always present. Filter, ignite in a 
stream of hydrogen, and weigh as metal. After weighing, dissolve the 
metal in hydrochloric acid, evaporate the solution to dryness, moisten 
the dry mass with hydrochloric acid, treat with water, and filter off the 
small residue of silicic acid. Ignite this residue and subtract its weight 
from that obtained after the ignition in hydrogen. Cobalt may also 
be precipitated as cobaltous hydroxide by caustic potash alone, but the 
resulting precipitate is not as easy to filter and wash as the cobaltic 
hydroxide. Precipitation by means of sodium carbonate is not so 
satisfactory. 

The oxides of cobalt when ignited in air yield a mixture of CoO 
and C03O4 in varying proportions, so that they are not suited for the 
quantitative determination of cobalt. 

Remark. The results obtained by this method are usually a little higher than 
those by electrolysis. 


2. Determination as Sulfate 

The method is the same as was described under “Manganese” 

(p. 188 ). 


1 Cobaltic hydroxide, unlike nickelic hydroxide, tends to yield a turbid filtrate on 
washing. A good grade of ashless filter paper is required. 
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3. Determination with a-Nitroso-jS-naphthol, CioH6(NO)OH 

NO 


a-Nitro80-/3-naphthol, 



precipitates Cu, Cr, Zr, Ti, V, Sn, W, Pd, Fe, 


and Co and does not precipitate Sb, Al, Mg, Ni, Zn, Mn, Ca, Sr, or Ba. If an excess of 
cobaltous salt is added to a neutral, aqueous solution of the sodium salt of a-nitroso- 
/3-naphthol, a brownish red precipitate of Co(CioH 6 N 02)8 is obtained, but by heating 
with acids this cobaltous compound is converted into the more stable trivalent cobal- 
tic salt Co(CioH 6N02)3 by atmospheric oxidation. This is analogous to the oxidation 
of KiCoCCN)# to KsCo(CN) 6. The corresponding nickelous compound is brownish 
yellow. It is not very soluble in water or dilute acetic acid but it dissolves readily in 
dilute hydrochloric or sulfuric acid. The most important applications of the reagent 
a-nitroso-/3-naphthol in analytical chemistry are for the detection of small quantities 
of cobalt and for the determination of cobalt* in the presence of large quantities of 
nickel. A solution of the reagent in 50 per cent acetic acid is added to the solution of 
nickel and cobalt and the solution is made acid with hydrochloric acid. The brick- 
red precipitate is heated strongly in the air and weighed as C 03 O 4 or, better, reduced 
to metallic cobalt in hydrogen and weighed as Co. 


Procedure. To the neutral solution containing 1 to 30 mg of Co and 
not more than 0.2 g of nickel, add 5 ml of concentrated HCl and dilute 
to 200 ml. Heat to about 80®, and add slowly while stirring an excess 
of the reagent which is freshly prepared by dissolving 2 g of the organic 
compound in 75 ml of glacial acetic acid, diluting the solution with 75 ml 
of water, and filtering. Use 15 ml of the reagent for each milligram of 
Co. After 3 or 4 hours filter through a filtering crucible; wash with cold 
water, then with hot 1.5 A" HCl, and finally with hot water till free from 
acid and nickel. Dry the precipitate, sprinkle a little powdered oxalic 
acid over it to prevent too sudden combustion, and heat in a good 
oxidizing atmosphere to about 1000®. Weigh as C03O4. 

If the precipitate is large, ignite it in hydrogen and weigh as Co or 
filter it through a paper filter, destroy organic matter by heating with 
sulfuric and nitric acids, and then determine cobalt by one of the other 
methods. 


To accomplish the destruction of organic matter, add 10 ml of concentrated HNOi 
and an equal volume of concentrated H2SO4. Evaporate in a porcelain or platinum 
dish, and heat until fumes of H 2 SO 4 escape freely. This causes a blackening of the 
acid solution. Cool, add 6 ml more of concentrated HNOs, and again evaporate till 
dense fumes are evolved. Continue this treatment until the solution does not darken 
when it is evaporated to fumes of H2SO4. 


1 Ilinsky and Knorre, Ber., 18 , 699 (1885); G. v. Knorre, Z. angew. Chem.f 17 , 677 
(1904). See also Schmidt, Z. anorg. aUgem. Ch^m., 80 , 335 (1913); Krauss and 
Dencke, Z. anal. Chem., 67 , 86 (1925); C. Mayr, Z. anal. Chem., 98 , 402 (1934). 
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Zinc, Zn. At. Wt. 66.38 
Forms! ZnI'm 4 P 04 , Z 112 F 2 O 7 , ZnO, ZnS, Zn 
1. Detennination as Zinc Ammonium Phosphate or Zinc Pyrophosphate 

This excellent method, first recommended by H. Tamm,^ has been studied and 
improved by G. Losekann and T. Meyer,* M. Austin,* and especially H. D. Dakin.* 

Procedure. To the cold^ acid solution of the zinc salt add ammonium 
hydroxide until the solution is barely acid to methyl orange. Care is 
necessary at this point, as zinc ammonium phosphate is soluble both in 
acids and in ammonia. Dilute with water to a volume of 150 ml, and 
heat on the water bath. To the hot solution, add 10 times as much 
ammonium phosphate by weight as there is zinc present. (If the diam- 
monium phosphate contains monammonium phosphate, the salt should 
be dissolved in cold water and dilute ammonia added until the solution 
just becomes pink with phenolphthalcin.) The precipitate that first 
forms is amorphous but it soon changes into fine crystals of zinc am- 
monium phosphate. The transformation takes place more rapidly in 
proportion to the quantity of ammonium salts present. After the 
heating has continued for about 15 minutes, remove the dish from the 
water bath, and after the precipitate has settled for a short time filter 
it off into a weighed filtering crucible, wash with hot 1 per cent ammonium 
phosphate solution until free from chloride, etc., then twice with cold 
water, and finally with 50 per cent alcohol. Dry at 100-135® for an 
hour and weigh as ZnNH4P04, which contains 36.64 per cent Zn. The 
precipitate can be washed and dried with alcohol and ether if desired 
(cf. p. 83). 

Or the precipitate may be weighed as the pyrophosphate, Zn2P207, 
in which case it is desirable to heat the dried zinc ammonium phosphate 
very slowly in an electric oven to 900-1000°. If such an oven is not 
at hand place the filtering crucible in a larger crucible and heat over the 
gas flame. Gradually raise the temperature until finally the full heat 
of the Teclu or M4ker burner is reached. Heat to constant weight. 
Zn2P207 contains 42.90 per cent Zn. 

Test the filtrate from the ZnNH4P04 precipitate with ammonia and 
ammonium sulfide. If a small precipitate of white zinc sulfide is formed, 
filter it off, using a paper filter, ignite in a porcelain crucible, and weigh 

* Chem. News, 24 , 148. 

a Chem. Ztg., 1886, 729. 

» Am. J. Sci.j 1899 ; Z. anorg. Chem., 22 , 212 (1900). 

*Z. and. Chem., 39 , 273 (1900). 



DETERMINATION AS ZINC OXIDE 


201 


as ZnO. No sulfide precipitate will be formed if the above conditions 
were followed carefully. 

The detei-mination as pyrophosphate is to be recommended when 
the zinc solution contains a very large quantity of ammonium salts 
because long washing is required to remove them and this renders the 
results a little low. When the precipitate is weighed as pyrophosphate, 
the ammonium salts are volatilized and it is not necessary to remove 
them by washing. If the precipitate is very gelatinous, AIPO4 is 
probably present. 

Remark. Under some conditions, as when magnesium or aluminum is present, 
the procedure of K. Voigt is followed. To the solution of the zinc salt, containing 
ammonium salts as well, add an excess of ammonia and the required volume of am- 
monium phosphate solution. After allowing to stand for some time, filter off the 
precipitated magnesium ammonium phosphate and aluminum phosphate; the zinc 
ammonium phosphate is soluble in ammonia. Heat the filtrate on the water bath 
until all the free ammonia has been expelletl, whereby zinc ammonium phosphate 
separates quantitatively in the form of the crystalline precipitate. Treat this pre- 
cipitate as described above. If some of the precipitate should adhere firmly to the 
sides of the dish, it may be dissolved in a few drops of hydrochloric acid, the solution 
immediately neutralized with ammonia, and heated a few minutes on the water bath 
before filtering. 


2. Determination as Zinc Oxide 

The carbonate, nitrate, acetate, and oxalate of zinc are readily and 
quantitatively changed to zinc oxide by ignition in the air; the sulfate, 
when present in relatively large amounts, is transformed into oxide with 
difficulty. Small amounts of the sulfate may be changed to oxide by 
igniting over the blast lamp. It is advisable, however, if the zinc is 
present as sulfate, to precipitate it from the aqueous solution as sulfide 
and weigh it as such according to 3; or to dissolve the sulfide on the 
filter in dilute hydrochloric acid, receiving the solution in a weighed 
platinum dish, evaporate to dryness on the water bath, change to oxide 
by the method of Volhard as described below, and weigh as such. 

The chloride is readily changed to oxide, according to Volhard, by 
gentle ignition with pure mercuric oxide. The method is as follows: 
Treat the neutral solution of the chloride, contained in a platinum dish, 
with a large excess of pure yellow mercuric oxide,^ suspended in water, 
and evaporate to dryness on the water bath; mercuric chloride and 

' The mercuric oxide is prepared by precipitating a solution of mercuric chloride 
with pure caustic potash. Allow the precipitate to settle, wash by decantation with 
water until free from chloride, and keep suspended in water in a bottle with a wide 
neck. A considerable amount of the mercuric oxide, say 5-10 g, should leave no 
weighable residue after ignition. 
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zinc oxide are formed 

ZnCl 2 + HgO = ZnO + HgCU 

both of which are white substances. Enough mercuric oxide should 
be used so that the residue obtained after the evaporation is noticeably 
yellow. 

Ignite the dry mass under a hood with a good draft (on account of 
the poisonous mercury vapors), at first gently and finally strongly, 
and weigh the residue of zinc oxide; both mercuric chloride and oxide 
are volatile. The results are excellent. 

If the solution contains alkalies as well as zinc, the zinc can be precipi- 
tated as basic carbonate and changed to oxide upon ignition. The 
precipitation of the zinc carbonate should take place in a porcelain 
dish, and the sodium carbonate solution should be added drop by drop 
to the cold, barely acid solution free from ammonium salts. Add the 
sodium carbonate solution until the zinc solution becomes turbid, then 
heat to boiling; the greater part of the zinc is precipitated as granular 
zinc carbonate. Add 2 drops of phenolplithalein indicator solution 
and enough sodium carbonate solution to impart a distinct pink color. 
In this way a precipitate of zinc carbonate is obtained free from alkali, 
which is not the case if the hot solution is at once precipitated by the 
addition of an excess of sodium carbonate.^ Filter the precipitate 
from the hot solution and wash with hot water until 20 drops of the 
filtrate leave no residue on evaporation. Dry the precipitate, transfer 
the greater part to a weighed porcelain cnicible, bum the filter by itself 
in a platinum spiral, and add the ash to the main part of the precipitate 
in the crucible. Ignite at first gently and finally strongly over a Teclu 
or M^ker burner, and weigh^ after cooling in a desiccator. 

If the zinc solution contains ammonium salts, it is possible to remove 
them by boiling with an excess of sodium carbonate solution. 

3. Determination as Sulfide 

This determination is chosen when the zinc is present in a solution 
containing ammonium salts, or when it is necessary to separate zinc 
from alkaline earths, alkalies, or metals of this group. Zinc sulfide may 

^ If considerable amounts of ammonium salts are present there may be no pre- 
cipitation. Sodium carbonate should then be added until the solution is slightly 
alkaline and the solution boiled until all the ammonia is expelled. 

* If the solution contains sulfate, the precipitate produced by sodium carbonate 
always contains more or less basic zinc sulfate, which may easily lead to high results. 
In the presence of sulfates, therefore, it is advisable to precipitate the zinc as sulfide 
and determine it as such according to 3. 
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be precipitated from ammoniacal solutions, or from solutions contain- 
ing free acetic, formic, citric, or thiocyanic acids in the presence of 
ammonium salts. 

(a) Precipitation of ZnS from Ammoniacal Solutions 

Place the slightly acid solution in an Erlenmeycr flask and treat with 
sodium carbonate solution until a permanent precipitate is obtained. 
Dissolve this by the addition of a few drops of ammonia, and then, for 
every 100 ml of the solution, add 5 g of ammonium acetate (or, better, 
ammonium thiocyanate), followed by a slight excess of freshly prepared 
ammonium sulfide. Nearly fill the flask with boiled water, stopper, 
and allow to stand 12 to 24 hours. Without disturbing the precipitate, 
pour the clear supernatant liquid through a paper filter of fine tex- 
ture. Cover the precipitate with a 5 per cent solution of ammonium 
acetate (or ammonium thiocyanate) containing 2 ml of ammonium 
sulfide solution. Shake, allow to settle, and pour the turbid solution 
through the filter, taking care to receive the filtrate in a fresh beaker; 
if it comes through turbid pour it through the filter again. Repeat 
the decantation 3 times, after which transfer the precipitate to the filter 
and wash completely with the above wash liquid, taking pains to keep 
the filter full during the entire operation, finally washing with water 
containing ammonium sulfide only. Dry the precipitahi, transfer as 
completely as possible to a weighed Rose crucible, burn the filter by 
itself, and add the ash to the main portion of the precipitate. Mix 
the precipitate with one-third as much pure sulfur, cover with a layer 
of sulfur, and heat as described under Manganese (p. 191), in a 
current of hydrogen. Finally allow the crucible to cool in the stream of 
hydrogen and weigh the zinc sulfide. 

(6) Precipitation of ZnS from Acid Solutions 

To the solution, which has been nearly neutralized with ammonia, 
add ammonium chloride or sulfate as in the previous method and a 
little ammonium or sodium acetate; then saturate with hydrogen sul- 
fide. After the precipitate has settled completely, pour the supernatant 
solution through a filter, and wash the precipitate with 2 to 4 per cent 
acetic acid which has been saturated with hydrogen sulfide. When 
thoroughly washed, treat as described above. It is to be noted that the 
zinc sulfide shows less tendency to form colloidal solutions when it is 
thrown down from a slightly acid solution than when it is precipitated 
from alkaline solutions. 
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4. Electrolytic Determination of Zinc 

It is possible to deposit zinc electrolytically with a current of 0.2-0. 3 
ampere from a neutral solution to which sodium acetate and a few 
drops of acetic acid have been added. From the solution of potassium 
or sodium zincate, or from the complex alkali zinc cyanides, it is easier 
to deposit the zinc quantitatively. 

(a) Method of F. Spitzer' 

To the solution of zinc sulfate (chlorides and nitrates should be 
absent) add a drop of phenolphthalein and sodium hydroxide solution 
until a permanent coloration is obtained. Then add 20-25 ml of 4 AT 
sodium hydroxide solution, dilute to 150-200 ml, and electrolyze with 
a current of 0.8-1 ampere and 3-4 volts electrode potential using a 
platinum gauze cathode. At the end of 3 hours the electrolysis is 
finished, provided that not more than 0.5 g of zinc was present. Without 
breaking the current, raise the electrodes nearly out of the bath, wash 
the upper portions quickly with water, then remove the electrodes 
entirely from the solution and rinse with water. Turn off the current, 
wash the cathode with alcohol, dry over a flame, cool in a desiccator, 
and weigh. Under these conditions, zinc forms a bluish gray deposit 
that adheres firmly to the electrode. To make sure that all the zinc 
was deposited, clean the electrodes and electrolyze the solution for 
30 minutes longer. A slight increase in weight will always be obtained 
because the anode is attacked slightly by the alkaline solution so that 
the cathode slowly continues to gain in weight from deposited platinum. 
If at the end of half an hour the gain in weight is not over 0.3 mg then 
the deposition of the zinc was complete the first time, as can be shown 
by testing with hydrogen sulfide. The results are always a little high.^ 

To clean the electrodes, boil them with 4 N hydrochloric acid, wash 
well with distilled water, and heat over a flame. It is not necessary to 
cover the platinum gauze with a thin coating of copper or of silver, as 
has been recommended when a platinum dish is used as the cathode. 

Remark. If too little caustic soda is present, a spongy deposit of zinc is obtained 
which does not adhere well to the electrode. For this reason the above directions 
should be followed closely. 

1 Z. Elektrochem., 11, 401 (1906). 

* Ellwood B. Spear, J. Am. Chem. Soc., 82, 530 (1910). The experiments have 
been repeated in the Ziirich laboratory by Janini, who obtained as an average from 
fourteen determinations with 50 ml of a zinc sulfate solution the value 0.1014 g 
Zn instead of 0.1008 g Zn, a difference of about 0.6 per cent. 
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In the presence of ammonia the determination is not successful. Therefore, if 
it is desired to analyze a solution containing an ammonium salt, it must be boiled with 
caustic soda until all the ammonia has been expelled. Moreover, if chlorides or 
nitrates are present they must be removed by evaporation with sulfuric acid. Evap- 
orate the solution on the water bath and finally heat over the free flame until dense 
vapors of sulfuric acid are expelled. Dilute the solution and electrolyze as described. 


(b) The Potassitim Cyanide Method^ 

Add a drop of phenolphthalein indicator to the solution of zinc sulfate, 
caustic soda until a permanent pink coloration is obtained, and then 
potassium cyanide until a clear solution results. Dilute to a volume of 
150-200 ml and electrolyze with a current of 0.2-0.3 ampere. At first 
the electrode potential is about 5.8 volts, but it falls during the analysis 
on account of the current heating the solution. The electrolysis is 
finished in 2 or 3 hours. 

Separation of Manganese, Nickel, Cobalt, and Zinc from 
THE Alkaline Earths 

The separation depends upon the insolubility of the sulfides of the metals of this 
group and the solubility of the sulfides of the alkaline earths. 

Procedure. Treat the neutral solution of the chlorides in a 250-ml 
Erlenmeyer flask with ammonium chloride (if it is not already present), 
and add 2 ml of concentrated NH4OH. Saturate with H2S, which 
causes precipitation of sulfides and formation of NH4HS. Add 2 ml 
more of concentrated ammonia to form (NH 4 ) 2 S, dilute to the neck of 
the flask with recently boiled water, stopper, and let stand for several 
hours. Filter uninterruptedly through paper, and wash with cold 2 per 
cent NH4CI solution. Keep the funnel covered as much as possible. 
Any green color of the filtrate indicates lack of sufficient precipitant or 
electrolyte. 

If only a small quantity of alkaline-earth metals is present and the 
ammonium sulfide solution is entirely free from ammonium carbonate, 
the separation is usually complete after one precipitation; in the pres- 
ence of considerable calcium, strontium, barium, or magnesium the 
sulfide precipitate will always be more or less contaminated with these 
substances, so that the precipitation must be repeated. For this 
purpose transfer the washed precipitate as completely as possible to a 
porcelain crucible, bum the filter paper in a platinum spiral, and add 

» Luckow, Z. anal. Chem., 19, 1 (1880); Beilstein and Jawein, Ber.y 12, 446 (1879); 
Milot, Butt «oc. chim., 37, 339 (1882); W. D. Treadwell, Electroanalyt. Methodm, 
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the ash to the main part of the precipitate. Cover the crucible with a 
watch glass, add 2 N hydrochloric acid, and heat gently after the evo- 
lution of hydrogen sulfide has ceased, to remove all dissolved gas. 
Now add a little concentrated nitric acid and heat the mixture until 
the precipitate is completely dissolved and the solution is evaporated 
to dryness, add a little concentrated hydrochloric acid, and again evap- 
orate to make sure that no nitrate remains. Moisten the dry mass 
with a few drops of concentrated hydrochloric acid, dissolve in hot 
water, and filter off the slight residue of sulfur, which, if barium is 
present, always contains a small amount of barium sulfate. Wash 
the residue with hot water, dry, ignite in a porcelain crucible, and weigh. 
Treat’ the filtrate exactly as before with ammonium sulfide. 

If nickel is present, an excess of ammonium sulfide must be carefully 
avoided, as otherwise some nickel sulfide will pass through the filter 
(cf. Vol. I). Always, however, the filtrate should be tested for nickel 
by acidifying with acetic acid, heating to boiling, and passing hydrogen 
sulfide into the solution. If a slight black precipitate is produced by 
this treatment, filter it off and combine with the main precipitate 
(cf. pp. 215 et seq.). Free the filtrate, containing the alkaline-earth 
cations, from ammonium salts by evaporating to dryness and heating 
the residue; dissolve this in hydrochloric acid, and examine as described 
on pp. 249 et seq. 

Remark. Solutions of NH4OH absorb CO2 from the air and form ammonium 
carbonate which precipitates the alkaline earths. It is best to use ammonia which 
has been freshly distilled with lime. If nickel and cobalt are absent, the sulfide 
precipitate should dissolve easily in hot, dilute HCI, and the above-described heating 
in a crucible followed by treatment with nitric acid is unnecessary. 


Preparation of Ammonia Free from Carbonate and Silicate 

Add 10 g of freshly slaked lime to 500 ml of concentrated ammonia contained in a 
liter flask that is connected with a condenser. Close the condenser by means of a 
tube containing soda-lime, and allow the contents of the flask to stand for a day with 
frequent shaking. Then place 300-400 ml of water in a flask and boil, meanwhile 
passing through the water a current of air that has been freed from all traces of carbon 
dioxide by passing through concentrated caustic potash solution and then through a 
tower filled with soda-lime. Allow the water to cool in this air stream. Place the 
flask containing the ammonia on the water bath in such a position that the condenser 
tube is inclined slightly upward, and connect this with the delivery tube, through 
which the air previously passed into the flask of boiling water. By heating the 
water bath, distil the ammonia over into the flask containing the boiled water, by 
which it is completely absorbed. By saturating a part of this ammonia with hydrogen 
sulfide, a solution of ammonium sulfide is prepared suitable for the above-described 
separation. 
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Separation of the Bivalent from the Other Metals of 
THE Ammonium Sulfide group 

This separation is often designated as that of the protoxides from the sesquioxides; 
this designation is not applicable with respect to quadrivalent titanium and zirconium, 
etc., or to sexivalent uranium which are often precipitated with the trivalent ions. 
The Latin prefix sesqui means one and a half times; the prefix proto is derived from 
the Greek and means first or lowest of a series. Oxides of the general formula MO 
(in our present nomenclature) are the protoxides, and oxides of the general formula 
M2O3 are the sesquioxides. According to the dualistic theory of Berzelius, salts were 
considered combinations of metal oxides with non-metallic oxides, and compounds 
such as NaCl and AlCU were not regarded as salts but as binary compounds formed 
from only two elements. The analytical chemist still reports his results in terms of the 
oxides, and, even today, the older chemists think of the oxidation of a ferrous salt 
by permanganate as the oxidation of FeO to Fe203 by means of Mn207 and balance 
their equations of oxidation and reduction on this basic assumption. 

Insoluble hydroxides or basic salts of trivalent iron, chromium, and aluminum 
and of quadrivalent titanium and zirconium precipitate when the acidity of the 
solution lies between 10“^ and 10“^-® mole of hydrogen ions per liter. Bivalent uranyl 
ions usually precipitate also at this acidity. 

It is quite common to express the acidity of a solution in terms of the so-called 
hydrogen exponent, pH, which is the value log 1/c when c is the concentration of H'*’ 
in moles per liter. Thus a concentration of 10“® mole of hydrogen ions per liter is 
expressed briefly by saying pH = 6. Since the logarithm to the base 10 of 1 is 0 and 
the logarithm of a fraction is the logarithm of the numerator minus the logarithm 
of the denominator, it is evident that log 1/c = G when c = 10"®. 

It is easy to tell when the hydrogen-ion concentration corresponds approximately 
to pH =s 5 because methyl red indicator in dilute solution changes from red to yellow 
at this point. Most methods for separating ions of iron, chromium, and aluminum 
from the bivalent ions of the third group depend upon the neutralization of an acid 
solution. This may be accomplished by the careful addition of ammonia, by adding 
a salt of a weak acid, or by adding an insoluble carbonate or oxide. Theoretically, 
the separation could be accomplished by the addition of caustic alkali or alkali car- 
bonate provided that the solution was never allowed to become more alkaline than 
corresponds to pH = about 5, but it is practically impossible, because some portion 
of the solution is likely to contain a slightly lower acidity, even although it is well 
stirred, and the excess of this causes the precipitation of insoluble hydroxides of 
bivalent metals. It is difficult to make the separation with ammonium hydroxide, 
for this same reason, but when ammonium hydroxide is added to a solution containing 
an ammonium salt, its ionization is repressed so that it amounts to less than one- 
hundredth as much as that of a caustic alkali solution of the same normal concen- 
tration. Moreover, in ammonium hydroxide solution, the greater part of the reagent 
consists merely of dissolved NH3 and this forms complex ions with many bivalent 
ions, particularly copper, cadmium, nickel, cobalt, and zinc ions, and the formation 
of these complexes prevents precipitation of hydroxides. 

The Baritun Carbonate Method 

This method depends upon the fact that ferric, aluminum, and chromic ions 
(as well as titanic, zirconic, and uranyl ions) are precipitated in the cold by barium 
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carbonate, whereas the bivalent manganese, nickel, cobalt, zinc, and ferrous ions are 
not. Salts of the trivalent metals undergo hydrolysis when in dilute aqueous solu- 
tion: 

Fe+++ + HOH Fe(OH)++ + H+ 

Free acid and a basic salt are formed by this hydrolysis; the composition of the 
product formed depends upon the quantity of the water and the temperature. If the 
free acid is removed by the addition of barium carbonate, the equilibrium is disturbed 
and the hydrolysis goes farther imtil finally the insoluble hydroxide is formed: 

Fe(OH)++ + 2HOH Fe(OH), -f 2H+ 

The barium carbonate, then, serves only to neutralize the acid set free by the 
hydrolysis, and the total reaction is expressed by the following equation: 

2Fe+++ + 3HOH -h 3BaCOa 3Ba++ + 2Fe(OH), + 3 CO 2 T 

The salts of the bivalent metals are not subject to this hydrolysis in the cold; 
consequently they are not precipitated by the addition of barium carbonate. On 
warming, however, they are hydrolyzed to an appreciable extent and are then pre- 
cipitated by barium carbonate. Instead of barium carbonate, calcium carbonate, 
cadmium carbonate, lead carbonate, zinc oxide, magnesium oxide, and mercuric oxide 
are sometimes used. Aqueous suspensions of the insoluble oxides or carbonates are 
commonly used. The barium carbonate suspension can be obtained by mixing 
aqueous solutions of 36 g NajCOa and 90 g BaCl3*2U20, allowing the precipitate to 
settle and decanting off the dilute solution which contains the excess BaCb and NaCl. 
Similarly the suspension of mercuric oxide can be made by pouring a hot solution 
of mercuric chloride (about 30 g per 100 ml) into an excess of hot 10 per cent sodium 
hydroxide (free from iron). The pH values of the various suspensions are: HgO = 
6, PbCO, = 6.2, CdCO, = 6.5, BaCO, = 7.3, CaCO, * 7.4, MgCO* =» 9.5. 

Procedure. Add sodium carbonate solution, drop by drop, to the 
slightly acid solution of the chlorides or nitrates, but not the sulfates^ 
of the metals, in an Erlenmeyer flask until a slight, permanent turbidity 
is produced; redissolve this by the addition of a few drops of dilute 
hydrochloric acid. Dilute the solution and add pure barium carbonate - 
(suspended in water) until, after thorough shaking, an excess of the 
carbonate remains on the bottom of the flask. Stopper the flask and 
allow to stand for several hours with frequent shaking. Then decant 
off the clear liquid through a filter, treat the residue with cold water, 
and again decant. Wash the precipitate 3 times in this way, transfer 
the precipitate to the filter, and wash thoroughly on the filter with 
cold water. The precipitate contains all the iron, aluminum, chro- 
mium, titanium, and uranium in the presence of the excess of barium 
carbonate. The filtrate contains the bivalent metals and barium 
chloride. 


* Barium carbonate will precipitate the bivalent metals when sulfates are present, 
e.g.: 


ZnS 04 + BaCO, = ZnCOs + BaSO* 
* The barium carbonate must be free from alkali carbonate. 
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Dissolve the precipitate in normal hydrochloric acid solution, boil 
to remove carbon dioxide, and separate the iron, aluminum, chromium 
(titanium and uranium) from the barium^ by double precipitation with 
ammonium sulfide as described on p. 205. Separate the iron, alumi- 
num, chromium (titanium, zirconium, and uranium) from one another 
as described on pp. 167-188. 

In the filtrate from the barium carbonate precipitation remove barium 
by the addition of sulfuric acid^ to the boiling solution after it has been 
made acid with hydrochloric acid. Filter off the barium sulfate and 
separate the bivalent cations from one another as described on pp. 215- 
219. 

Remftrk. The above separation of the sesQuioxides from the protoxides is not 
absolutely certain in the presence of nickel and cobalt. In this case, particularly 
when considerable iron is present, the precipitate produced by barium carbonate 
contains a little nickel and cobalt. This difficulty can be overcome, however, by 
adding ammonium chloride to the solution (3-5 g for each 100 ml of solution) before 
precipitating with barium carbonate; the separation is then satisfactory. 


Separation of Iron, Aluminum, and Titanium (but not 
Chromium and Uranium) from Manganese. 

Nickel, Cobalt, and Zinc 

Basic Acetate Method 

This classic method depends upon the fact that ferric, aluminum, and titanium 
acetates are hydrolyzed in hot, dilute solutions much more readily than the acetates 
of the bivalent metals. From the equation 

Fe(C2H302), + 2HOH ?=i2HC2H,02 -f Fe(OH)2-C2H,Oa 

it is evident that acid is set free which tends to stop the reaction, owing to the solvent 
action of hydrogen ions. The concentration of free hydrogen ions, however, is kept 
low by the addition of sodium acetate. Then, as a rule, some manganese is likely 
to be precipitated, so that it is advisable to dissolve the precipitate and repeat the 
precipitation. Hydrated manganese dioxide, MnO 2 - H 2 O, or manganic hydroxide, 
Mn(OH)j, is more in.soluble than manganous hydroxide, Mn(OH) 2 , and hence long 
boiling in the air tends to increase the quantity of manganese precipitated. The 
method is somewhat tedious but gives excellent results. 

Procedure. To the slightly acid solution of the chlorides, contained 
in a small beaker, add sodium carbonate solution in the cold until a 
slight permanent opalescence is obtained; redissolve the precipitate 

' Most authorities recommend precipitating the barium first with sulfuric acid 
and then separating the iron, aluminum, etc. Since the precipitate of barium sulfate 
always contains small amounts of the heavy metals, the above procedure is preferable. 

* Or, better, by double precipitation of the other metals with ammonium sulfide. 
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by the addition of a few drops of dilute hydrochloric acid. Meanwhile 
prepare a boiling, dilute solution of sodium or ammonium acetate in a 
large round-bottomed flask, containing, for each 0. 1-0.2 g of iron or 
aluminum, 1.5-2 g of acetate and 300-400 ml of water. When the 
iron solution is ready, take away the burner from beneath the flask; 
add the solution of iron, aluminum, etc.; replace the burner; and con- 
tinue the boiling for 1 minute. Then remove the flame (the precipi- 
tate becomes slimy on long boiling), allow the precipitate to settle, and 
filter while the liquid is hot through a fluted filter, washing three times 
by decantation with boiling water containing ammonium or sodium 
acetate. Spread the filter together with the precipitate upon a glass 
plate, rinse the bulk of the precipitate into a porcelain dish, and dis- 
solve the precipitate remaining on the filter by alternately treating with 
hot 3 N hydrochloric acid and with hot water. Evaporate the result- 
ing solution nearly to dryness on the water bath and repeat the basic 
acetate precipitation exactly as before. Dissolve the filtered and 
washed precipitate in hydrochloric acid and separate the iron from 
aluminum according to p. 168. To the combined filtrates from the 
basic acetate precipitation, add 10-20 ml of concentrated hydrochloric 
acid to prevent the precipitation of hydrated manganese dioxide, evap- 
orate almost to dryness, dilute with a little water, precipitate man- 
ganese, nickel, cobalt, and zinc by ammonium sulfide as described on 
p. 203, and analyze according to p. 215. 

Remark. This procedure requires practice. It is especially suited for the sepa- 
ration of iron and, titanium from the protoxides; the separation is usually less satis- 
factory with aluminum, and so if considerable amounts of the latter are present, 
the barium carbonate separation is to be preferred. If it is merely a case of the 

Separation of Iron from Manganese 

the following modifications of the basic acetate process give satisfactory separations 
with only one precipitation. 


O. Brunck’s Method^ 

To the acid solution, containing not more than 0.3 g of iron, add 
0.35 g of potassium chloride or 0.26 g ammonium chloride for each 
0.1 g of iron present. Evaporate the solution to dryness on the water 
bath, break up the residue by pressure with a glass rod, and heat 5 or 10 
minutes longer. By this time practically all the mineral acid is expelled. 
Dissolve the residual salts in 10-20 ml of water, and to the resulting 


1 Chem. Ztg., 1904 , I, 613. Cf. W. Funk, Z. anal. Chem.^ 46 , 181 (1906). 
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solution add 1.5 g of sodium acetate for each 0.1 g of iron present.* 
Dilute the solution with boiling water to a volume of 400-500 ml for 
each 0.2 g of iron present; heat, with constant stirring, until boiling 
begins, then remove the flame and allow the precipitate to settle. 
Decant off the solution through a fluted filter and wash the precipitate 
with hot water. Dissolve the precipitate in as little hydrochloric acid 
as possible, precipitate the iron by ammonia, filter, dry, and ignite as 
described on p. 153. Make the filtrates from the basic acetate precipita- 
tion, or better the combined filtrates from both precipitations,* acid 
with hydrochloric acid, evaporate nearly to dryness, dissolve the 
deposited salts in a little water, precipitate manganese, nickel, cobalt, 
and zinc with ammonium sulfide according to the directions on p. 205, 
and separate according to p. 215. 

Separation of Iron and Aluminum from Manganese, 
Nickel, Cobalt, and Zinc 

(a) Sodium Succinate Method 

This method, applicalde for the separation of large quantities of iron from small 
quantities of manganese, nickel, etc., is based upon the fact that ferric iron is pre- 
cipitated quantitatively from neutral solutions as light brown ferric succinate by 
the addition of neutral alkali succinate solution, whereas manganese, nickel, etc., 
remain in solution. 

Procedure. If the solution contains free acid and all the iron is in 
the ferric form, neutralize with ammonia until a reddish brown colora- 
tion appears, then add sodium or ammonium acetate until the color 
becomes a deep brown. Dilute the solution to at least 200 ml for each 
0.1 g of iron present and add 3 g of sodium succinate dissolved in a little 
water. Heat nearly to boiling, filter, and wash at first with cold water, 
then with warm normal ammonium hydroxide solution, until 20 drops 
of the filtrate leave no residue when evaporated to dryness on platinum. 
By means of the washing with ammonia, the ferric succinate is changed 
to ferric hydroxide. Ignite and weigh as ferric oxide in a porcelain 
crucible. If aluminum is present, analyze the ignited residue as de- 
scribed on p. 169. The bivalent metals in the filtrate are best precipi- 

^The sodium acetate crystals sometimes contain sodium carbonate; they should 
be dissolved in a little water and the solution made barely acid with acetic acid 
before adding it to the iron solution. 

» To the ammoniacal filtrate from the Fe(OH )3 precipitate, add 5 ml of concen- 
trated hydrochloric acid before adding the solution to the filtrate from the basic 
acetate precipitation; otherwise manganese is likely to be precipitated when the 
two filtrates are mixed. 
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tated by the addition of ammonium sulfide and analyzed as described 
on p. 215. 

(b) Separation by Ammonia and Ammonium Chloride^ 

To the acid solution containing 5 g of ammonium chloride and not 
more than 0.2 g of iron and aluminum cations in 200 ml of solution, 
add a few drops of a 0.2 per cent solution of methyl red in alcohol and 
heat just to boiling. Carefully add normal ammonium hydroxide 
solution, drop by drop, until the color of the solution changes to a dis- 
tinct yellow. Boil 2 minutes and filter promptly. Wash with hot 
2 per cent ammonium nitrate solution until free from chloride. The 
precipitate contains Fe(OH) 3 , Al(OH) 3 , Ti(OH)4, and Zr(OH)4 if the 
corresponding elements are present. 

As good a separation of iron and aluminum from manganese is accom- 
plished in this way as by a single basic acetate precipitation. It is advis- 
able to dissolve the precipitate and repeat the precipitation when the 
precipitate upon ignition is likely to weigh more than 0.1 g or when a 
9-cm filter is more than half full of the precipitate. 

Remark. Limdell and Knowles showed that iron and aluminum can be separated 
from manganese and nickel as satisfactorily by this method of precipitation, which 
is the same as that recommended by Blum for precipitating aluminum, as by the 
basic acetate or barium carbonate methods. Phosphoric and vanadic acids follow 
the iron and aluminum and do not affect the separation if sufficient iron and aluminum 
are present. If more phosphoric acid or vanadic acid is present than is equivalent 
to the iron and aluminum, the separation fails as does that of the basic acetate or 
barium carbonate procedure. Under the above conditions, some cobalt, copper, and 
zinc will precipitate if present, but a fair separation is effected then by increasing the 
ammonium chloride content. An excess of both ammonia and ammonium chloride 
gives better results in the separation of iron from copper and zinc, but the precipita- 
tion of the aluminum is then less complete. 

(c) Separation by Cupferron 

The use of cupferron as precipitant for Fe, Cu, Zr, Ti, etc., has already been 
mentioned (pp. 154, 177). Here four more procedures will be described to illustrate 
the use of this reagent. 

1. Determination of Iron in Manganese Ores 

Principle. After effecting the solution of the ore, the iron is precipitated in acid 
solution by cupferron. The filtrate then contains all the aluminum, chromium, 
manganese, nickel, cobalt, zinc, and alkaline earths. After the removal of any of 
these elements that may be present, by washing the precipitate with cold water, 
the organic matter is removed and the iron converted into ferric hydroxide by wash- 
ing the precipitate with ammonia. The precipitate is ignited and weighed as Fe208. 


^ Lundell and Knowles, J. Am. Chem. Soc.^ 46 , 676 (1923). 
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Procedure. Dissolve about 1 g of the finely pulverized ore in con- 
centrated hydrochloric acid, and evaporate the solution to dryness. 
Moisten the residue with strong hydrochloric acid, dilute with water, 
boil, and filter. Fuse the residue with sodium carbonate in a covered 
platinum crucible, and after the fusion, dissolve the melt in water and 
dilute hydrochloric acid. Evaporate this solution to dryness, and 
after the removal of the silica in the usual manner, add the filtrate to 
the main solution. To the cold solution add 50 ml of cupferron reagent 
in a fine stream down the sides of the beaker, while stirring vigorously. 
A brownish red, partly amorphous and partly crystalline precipitate 
of the ferric salt separates out. As soon as a drop of the reagent causes 
the formation of a snow-white precipitate of nitrosophenylhydroxyl- 
amine, all the iron is precipitated. Add a slight excess of the reagent 
and allow the solution to stand about 10 minutes. Filter through an 
ashless paper, using gentle suction. If the last particles of the pre- 
cipitate cling tenaciously to the beaker, add a little ether to loosen 
them and remove the ether by adding a little boiling water. Wash 
the precipitate with cold water until the washings are no longer acid 
to litmus and then with 6 N ammonia to remove the excess of the reagent 
and form ferric hydroxide. Finally wash the filter once more with cold 
water. Ignite the precipitate and weigh as FC2O3. 

2. Determination of Manganese in Ferromanganese 

Dissolve about 1 g of the material in strong hydrochloric acid and 
fuse the residue with sodium carbonate in a platinum crucible. Heat 
the melt with water and add alcohol to reduce the manganate to hydrated 
manganese dioxide. Filter, and dissolve the residue in hydrochloric 
acid; add this solution to that obtained in the first place. Precipitate 
iron with cupferron, as in the previous method, but do not add the 
ammonia washings to the solution. In the filtrate determine manganese 
as described on pp. 189 and 191 . 

S, Determination of Nickel and Cobalt in Arsenical Sulfide 

Dissolve 1 g of the ore in 20 ml of a saturated solution of bromine 
in concentrated hydrochloric acid, and evaporate the solution somewhat 
to volatilize arsenic trichloride. Add 10 ml of 18 N sulfuric acid and 
evaporate the solution until dense fumes are evolved. Dilute to 600 ml, 
heat to boiling, and introduce hydrogen sulfide to precipitate the metals 
of the copper group and any remaining arsenic. In the filtrate precipi- 
tate the iron by cupferron as in Method 1, and after evaporating the 


1 H. Nissenson, Z. angew. Chem., 23, 969 (1910). 
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filtrate until fumes of sulfuric acid are evolved, determine the nickel 
and cobalt electrolytically according to pp. 194 and 197. 

4. Determination of Titanium and Its Separation from IroUy Aluminum, 
and Phosphoric Acid^ 

Principle. The iron may be reduced completely to ferrous salt by passing hydro- 
gen sulfide into an acid solution, and then, in the presence of tartaric acid which 
prevents the precipitation of titanium, precipitated as ferrous sulfide in ammoni- 
acal solution. After acidifying and boiling off the hydrogen sulfide, the titanium 
can be precipitated quantitatively by means of cupferron while the aluminum and 
phosphoric acid remain in the tartaric acid solution. It is unnecessary to remove 
the organic matter before igniting the yellow titanium precipitate. 

Procedure. To the solution, which should have a volume not greater 
than 100 ml, add at least four times as much tartaric acid as corresponds 
to the weight of the oxides of iron, titanium, aluminum, and phosphorus. 
Neutralize with ammonia, add 3 ml of 18 iV sulfuric acid, and introduce 
hydrogen sulfide until the solution becomes colorless. Unless all the 
iron is reduced, the subsequent precipitate of iron sulfide will contain 
some titanium. After the reduction of the iron is complete, add am- 
monium hydroxide in considerable excess and precipitate the iron as 
ferrous sulfide by introducing more hydrogen sulfide gas; the solution 
should remain alkaline to litmus paper. Filter off the ferrous sulfide, 
and wash with water containing a little colorless ammonium sulfide. 
To the filtrate, add 40 ml of 18 N H2SO4 and expel the liberated hydro- 
gen sulfide by boiling. When this is accomplished, cool the solution to 
room temperature, dilute to 400 ml, and treat with an excess of 6 per cent 
cupferron solution, added slowly down the sides of the beaker while the 
solution is being well stirred. After the precipitate has subsided, test 
the supernatant liquid by adding more of the cupferron solution. A 
white precipitate of nitrosophenylhydroxylamine indicates that an 
excess of the reagent is present, but a yellow turbidity shows that the 
precipitation of the titanium is incomplete. It is also well to test the 
filtrate in the same way. Collect the titanium precipitate on filter 
paper, using gentle suction, and wash 20 times with normal hydrochloric 
acid solution. Ignite very cautiously in a platinum or quartz crucible 
until the organic matter is all consumed. Finally, heat to constant 
weight over a M6ker burner and weigh as Ti02. 

Other Determinations with Cupferron 

Zirconium can be precipitated quantitatively from solutions containing as much 
as 40 per cent of concentrated sulfuric acid by volume, and the presence of tartaric 


1 W. M. Thornton, Jr., Am. J. Science, 37, 407 (1914); 
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acid has no effect upon the precipitation. The ignited precipitate is Zr02. Thorium, 
on the other hand, is not precipitated quantitatively in the presence of sulfuric acid 
but can be thrown down from acetic acid solutions. Vanadium, in either the quadri- 
valent or quinquevalent condition, can be determined quantitatively by precipitation 
in 1 per cent hydrochloric or sulfuric acid solution provided that the precipitate is 
washed with 1 per cent acid containing cupfcrron . I’antalum and columbium are also 
precipitated. 

Lead, silver, mercury, tin, bismuth, cerium, and tungsten, interfere more or less 
with cupferron determinations and are likely to precipitate to some extent in most 
of the methods that have been described. 


Separation of the Bivalent Metals of the Ammonium- 
Sulfide Group from one Another 


Separation of Zinc from Nickel, Cobalt, and Manganese 


Most methods for this separation dejiend upon the slight solubility of zinc sulfide 
and the greater solubility of the other sulfides* in their state of formation. 

It was shown in Vol. I that the .solubility pnxlucts of ZnS, NiS, CoS, FeS, FeaSj, 
and MnS are all so small that the.se substancc.s are precipitated quantitatively when- 
ever the corresponding cations <rome in contact with any appreciable concentration 
of sulfide ions, as by adding a solution of ammonium sulfide. It was also shown in 
Vol. I that hydrogen sulfide is a weak acid and only slightly ionized. By adding 
acid, the concentration of the sulfide ion diminishes in proportion to the square 
of the concentration of hydrogen ions. Thu.s, if to an aqueous solution of hydrogen 
sulfide, enough acid is added to inerrease the hydrogen-ion concentration tenfold, the 
concentration of the sulfide ion is diminished to about one one-hundredth of its 
former value. 

In a liter of water saturated with hydrogen sulfide at 25®, there is present about 
0.1 mole of undiasociated hydrogen sulfide, 0.9 X 10“* mole of hydrogen ion, and 
only 1.2 X lO""^® mole of sulfide ion. In the saturated solution the relation 
[H^]2 X [S""] = 1.1 X lO'^^ always holds at 25®, according to theory, and, there- 
fore, it is easy to fix the concentration of the sulfide ion by regulating the concen- 
tration of the hydrogen ion. 

Thus, to take a concrete case, suppose a solution to contain 0.2 g of zinc ions and 
0.2 g of ferrous ions in 400 ml of solution. What concentration of hydrogen ions is 
necessary to effect a quantitative .separation of zinc and iron by hydrogen sulfide? 
Let us assume that the separation can be called quantitative when all but about 
0.6 mg of zinc is precipitated and not over 0.5 mg of iron. 

The solubility product of zinc sulfide is given in Vol. I as 1.2 X 10“** and that of 

0 0005 1000 

ferrous sulfide as 1.5 X 10"*®. Now 0.5 mg of Zn in 400 ml = X » 

65.4 400 


1.9 X 10"* mole per liter. To reach the solubility product of ZnS it is necessary 
1.2 X 10"*® 

to have = 6.3 X 10"*® mole per liter of S~~ ions. 

1.9 X 10"* 


* Nickel and cobalt sulfides when once formed are insoluble in dilute acids. These 

substances probably exist in two allotropic modifications, of which one is soluble 
and the other insoluble. The soluble form has never been isolated. 
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The ionization of hydrogen sulfide in a saturated solution is repressed to this value 
1.1 X 10“** 

when [H+]* = 6 3 x 10~^° “ 0.17 X 10“* and [H+1 = 4 X 10“* mole per liter. A 

similar computation for FeS shows that the concentration of ions required to 
prevent the precipitation of 0.2 g of Fe is about 8 X 10“* mole per liter. Therefore, 
to separate 0.2 g of Fe completely from 0.2 g of Zn in 400 ml of solution it is necessary 
to keep the concentration of the acid between 8 X 10“* and 4 X 10“* mole per liter 
or, in other words, the solution must be kept between 0.0008 and 0.004 normal in 
hydrogen ions. 

The values for the solubility products given in Vol. I are not accurate enough to 
predict with certainty whether a definite separation will be accomplished satis- 
factorily but they indicate the possibility of such separations. The above compu- 
tation, therefore, suggests the possibility of separating zinc from iron by means of 
hydrogen sulfide, and it has been found possible to accomplish this in the laboratory. 

To reach the desired concentration of hydrogen ions it is not permissible merely 
to add just the right quantity of a mineral acid at the start. During the precipi- 
tation of ZnS more hydrogen ions are formed as the following equation shows: 

Zn++ -f HaS = ZnS + 2H+ 

It is necessary, therefore, to make sure that the acidity is correct when all the zinc 
is precipitated. This is more important than the acid concentration at the start, 
for when hydrogen sulfide is passed into a solution, the least soluble sulfide forms 
first; and if at one part of the solution a more soluble sulfide forms, it will itself 
precipitate another less soluble sulfide when it meets the other ion in another part 
of the solution. 

Experimentally, it has been found possible to separate zinc as sulfide 
from very dilute hydrochloric acid solution after the addition of alkali 
acetate, and also from a solution containing dilute hydrochloric acid 
and a large quantity of ammonium salt. In the latter case it is prob- 
able that the ammonium salt exerts a salting-out effect and pre- 
cipitates colloidal zinc sulfide, making the solubility product smaller 
than it apparently is in pure water. 

Method of Cl. Zimmermann^ 

Procedtire. Treat the slightly acid solution with sodium carbonate 
solution until a permanent precipitate is formed and redissolve by the 
addition of a few drops of 2 N hydrochloric acid; then for every 80 ml 
of the solution add 10, or at the most 15, drops of 2 N hydrochloric 
acid^ and 10 ml of 20 per cent ammonium thiocyanate solution. Now 
heat the solution to about 70® C and saturate with hydrogen sulfide. 


* Ann. Chem. Pharm., 199 , 3 (1879); 204 , 226 (1880). 

> The addition of hydrochloric acid is always necessary, because otherwise nickel 
sulfide will be precipitated with the zinc sulfide, especially when considerable nickel 
and little zinc are present. 
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At first the solution becomes only slightly turbid/ but after some time 
pure white zinc sulfide is thrown down in clouds, constantly becoming 
denser. After the solution has become saturated with hydrogen sulfide, 
cover the beaker and allow it to stand in a warm place until the precipi- 
tate has settled and the upper liquid is clear. Then filter and wash the 
precipitate with 2 per cent NH4CNS solution which is saturated with 
H2S. Weigh either as ZnO or ZnS as described on pp. 201 and 203. 

From the filtrate nickel, cobalt, and manganese are precipitated by 
means of ammonium sulfide, filtered and separated according to the 
following methods. 


Separation of Manganese from Nickel and Cobalt 

Treat the solution of the chlorides or sulfates with an excess of sodium 
carbonate, add a liberal excess of acetic acid, and, for each gram of 
nickel or cobalt present, introduce 5 g of ammonium acetate. Dilute 
the solution to 100-200 ml, heat to 70-80° C^, saturate with hydrogen 
sulfide, filter, and wash with hot water. The manganese is in the fil- 
trate, and the nickel and cobalt are in the precipitate. 

Remark. The filtrate often contains small amounts of nickel and cobalt. In 
order to remove these metals, the solution should be evaporated and colorleM ammo- 
nium sulfide added. Then make slightly acid with acetic aciid, warm, and filter. In 
case a precipitate of nickel or cobalt sulfides is formed by this treatment, test the 
filtrate in the same way again and repeat the process until no further precipitation is 

produced. 

Separation of Cobalt from Nickel 


(a) Method of Tschugaefi-Brunck^ 

This method is probably the .pnekest and most accurate for the estimation of 
nickel in the presence of cobalt. It depends upon the fact that nickel is quanti- 
tatively precipitated, by means of dimethylglyoxime, from a barely ammon.aca 
solution or from a slightly acid solution containing sodium acetate Cobalt under 
these conditions, is not precipitated. (See p. 103.) If more cobalt than nickel is 
present, use two or three times the usual volume of reagent. To determine both 
nickel and cobalt, divide the solution into two aliquot parts; determine the nickel 

1 There are at the start but few sine ions in the solution. The four metals are 
present for the most part in the form of complex thiocyanates of the general form^a 
fNH.),lR(CNS).l. The zinc salt, like camallite (see Vol. 1), is slightly dissociated, 
(NH.)ilZn(CNS),l Zn(CNS). + 2NH.CNS 

J is converted into insoluble sulfide by the action of hydrogen 

"mJ^reTi^ SZ^^cipiU^ as sulfide, the equilibrium is disturbed 
and eventually all the zinc becomes precipitated. 

» O. Brunck, Z. antew. Chem., 1907, 1848. 
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in one portion with dimethylgly oxime, and in the other portion determine nickel 
and cobalt together by the electrolytic method (p. 196). 

(b) The Potassium Nitrite Method of N. W. Fischer^ 

Brunches Modification^ 

Evaporate the solution containing an excess of acid to dryness in a 
porcelain dish and treat the residue with 1 or 2 drops of 2 hydro- 
chloric acid and 5-10 ml of water. Add pure caustic potash solution, 
drop by drop, until the reaction is barely alkaline. Dissolve the result- 
ing precipitate in as little glacial acetic acid as possible; add half of 
the solution’s volume of 50 per cent potassium nitrite solution and 
10 drops more of acetic acid. Stir the mixture well and allow it to 
stand 24 hours. At the end of this time the precipitation is almost 
always complete. This should be proved, however, by removing a little 
of the undiluted solution with a pipet, adding to it a little more potas- 
sium nitrite solution, and allowing to stand a little longer. If at the 
end of an hour no further precipitation results, then all the cobalt has 
been precipitated. If a precipitate is formed, add more potassium 
nitrite to the main solution and again allow to stand. Decant off the 
clear liquid through a filter, transfer the residue to the filter, and wash 
with a 10 per cent potassium acetate solution until 1 ml of the filtrate 
on being acidified with acetic acid and boiled with 1 ml of a 1 per cent 
solution of dimethylgly oxime will show no test for nickel. This is 
usually the case after washing 4 times. Transfer as much of the precipi- 
tate as possible to a small porcelain dish, cover with a watch glass, 
cautiously acidify with sulfuric acid, and heat on the water bath until 
no more brown vapors are evolved. Dissolve the small quantity of 
precipitate remaining on the filter by pouring hot, dilute sulfuric acid 
through the filter and add this acid to the main solution of the cobalt. 
After evaporating as far as possible on the water bath, continue heating 
on an air bath until dense vapors of sulfuric acid are evolved. After 
cooling, dissolve the residue in water and determine the cobalt electroly- 
tically, as described on p. 197. If it is not convenient to carry out an 
electrolysis, dissolve the nitrite precipitate in hydrochloric acid and 
determine the cobalt according to p. 198 (6). 

Remark. This method gives reliable results provided that the solution is free from 
alkaline earths. If not, the nickel and alkaline-earth metals are precipitated with 
the cobalt. (Cf. Vol. I.) 


1 Pogg. Ann., 71 , 545 (1847). 

* Z. angew. Chem., 1907 , 1847. 
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(c) Method of Ilinsky and von Knorre^ 

This method depends upon the fact that cobalt can be precipitated as purple-red 
[CioH60(NO)]8Co by treatment with a-nitroso-/3-naphthol in hydrochloric acid 
solution. Nickel is not precipitated under these conditions. 

Procedure. In one portion determine the cobalt as described on 
p. 199 and in another determine the nickel with dimethylglyoxime 
(p. 193). 

Separation of Nickel from Zinc. Method of Tschugaeff-Brunck* 

Treat the solution with ammonium chloride, and add enough am- 
monia to make slightly ammoniacal; no precipitate will be formed if 
sufficient ammonium chloride has been added. Make slightly acid 
with hydrochloric acid, heat to boiling, and precipitate the nickel with 
an alcoholic 1 per cent dimethylglyoxime solution exactly as outlined 
on p. 193. 

In the filtrate, it is best to precipitate the zinc as sulfide by acidifying 
with acetic acid and saturating the hot solution with hydrogen sulfide 
(cf. p. 203). 

Remark. When considerable zinc is present it is necessary to add more dimethyl- 
glyoxime to precipitate the nickel. 


Separation of Nickel from Manganese. Method of Tschugaeff-Brunck'' 

Carry out the analysis exactly as described above except that the 
final precipitation should take place in an acetic acid solution. Neu- 
tralize the greater part of any mineral acid present with ammonia, treat 
the barely acid solution with 1 per cent dimethylglyoxime solution, and 
then, after the precipitate has formed, add sodium acetate and continue 
the analysis according to p. 193. If the alkali acetate is added before 
the dimethylglyoxime, a very voluminous precipitate is formed which, 
to be sure, can be filtered with suction, but even then the filtration is 
tedious. Thus, when possible, it is best to add the sodium acetate after 
the dimethylglyoxime. If, on the other hand, iron has been removed by 
a basic acetate separation and nickel and manganese are to be deter- 
mined in the filtrate, the precipitation must take place m a solution 
already containing sodium acetate. In the filtrate from the nickel 
dimethylglyoxime precipitation, precipitate the manganese with am- 
monium sulfide and determine as described on p. 189. 


*Ber., 18, 699 ( 1885 ). 

* Z. angew. Chein.^ 1907, 1849. 
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Separation of Nickel from Iron 

If the iron is present in the ferrous condition, oxidize it by boiling 
with nitric acid. Then dilute to 300 ml, add 1-3 g of tartaric acid, 
and make the solution ammoniacal to find out whether enough tartaric 
acid has been added (the solution must remain perfectly clear). Make 
slightly acid with hydrochloric acid, precipitate the nickel with dimethyl- 
glyoxime, carefully neutralize the acid with ammonia, and continue the 
analysis according to p. 193. 

Determination of Nickel in Steel^ 

Procedure. Dissolve 0.5 of steel in 20 ml of 6 AT hydrochloric acid. 
To the resulting solution add 5 ml of concentrated nitric acid and boil 
2 minutes to oxidize iron. Dilute to 100 ml, and filter if there is any 
perceptible residue. Add 3 g of tartaric acid, and make the solution 
ammoniacal and then barely acid with acetic acid. Dilute to 300 ml, 
heat nearly to boiling, and treat with 20 ml of a 1 per cent alcoholic 
solution of dimethy Igly oxime. ^ Finally make slightly ammoniacal, 
adding enough ammonia so that the solution barely smells of this 
reagent. Allow the solution to stand in a warm place for 15 minutes 
and then cool for half an hour or longer. Finally filter the solution 
through a Gooch or Munroe cnicible, wash thoroughly with hot water, 
dry at 105® for 90 minutes, and weigh as Ni(C4H7N202)2. To the filtrate 
add 5 ml more of dimethylglyoxime reagent and make sure that the 
solution is barely alkaline. There should be no further precipitation. 

By this method the nickel in a sample of steel can be determined within about 
2 hours. The results are accurate, but lower than those sometimes obtained in 
practice when the cobalt is determined with the nickel. The precipitate is too 
voluminous to handle easily when the solution contains more than 0.1 g of nickel. 

The above procedure has been found to give excellent results with students over a 
period of about 25 years. The sample analyzed should not contain more than about 
0.04 g of nickel; Good results, however, have been obtained with nearly pure nickel 
when the HCl solution of 0.15 g of the metal was diluted to a definite volume, the 
solution mixed, and an aliquot of one-fifth taken for the precipitation. 

In nearly every set of directions given since 1907, emphasis is placed on avoiding 
excess of the reagent because of the solubility of the precipitate in alcohol. As a 
matter of fact, however, the principal difficulty caused by the use of too much 
reagent is the precipitation of white needles of dimethylglyoxime itself; the reagent 


‘ O. Brunck, Stahl und EiseUy 28, 331. 

2 The volume of the alcoholic solution should never be more than half that of the 
nickel solution, as the precipitate is slightly soluble in alcohol. About 0.4 g of the 
glyoxime should be used for each 0.1 g of nickel. A deep red color in the solution 
shows that ferrous iron is present. 
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is much less soluble in water than in alcohol. The deposited crystals of dimethyl- 
glyoxirae can be dissolved by washing with hot, dilute ammonia solution. Washing 
the precipitate with a little hot 50 per cent alcohol has been found to be more efficient, 
and by this treatment but very little of the nickel precipitate is dissolved. 

It has been thought that the electrolytic determination of nickel is more accurate, 
and some directions call for dissolving the dimethylglyoximo precipitate in acid, 
destroying the organic matter by adding HNO# and evaporating with H2SO4, and 
finally depositing the nickel electrolytically from a strongly ammoniacal solution. A 
skilful analyst can obtain good results in this way, but for students, direct weighing 
of the precipitate of nickel dimethylglyoxime is better. 

Some chemists prefer to titrate the nickel. Wash the nickel dimethylglyoxime 
precipitate on a paper filter with 3 portions of cold water, dissolve it in 6 A HNO 3 , 
and wash the filter with hot water. Boil the solution 2 minutes, cool, add 5 ml of a 
solution containing 1 g citric acid, 1.35 g (NH4)2S04, and 1 ml of concentrated 
ammonia. Neutralize and titrate as described in Chapter XVI 1. 


Removal of Ferric Chloride by Ether. Method of Rothe‘ 

The fact that ferric chloride dissolved in hydrochloric acid, d 1.1, 
is more soluble in ether than in this acid, is often taken advantage of in 
the determination of metals such as nickel, manganese, cobalt, copper, 
aluminum, titanium, vanadium, and chromium in samples of steel. 
It has also been used for the determination of sulfur in steel after oxida- 
tion to sulfuric acid, which docs not dissolve in the ether. The under- 
lying principle is the same as that governing the distribution of iodine 
between water and carbon disulfide (sec Vol. I). An example of such a 
process is the determination of titanium by the method of Barneby and 
Isham (p. 178). Beryllium chloride and molybdic acid follow the ferric 
chloride and dissolve in the ether. 

The Use of Tannin in Quantitative Analysis 

General Principles. The name tannin luis been given to a widely disseminated 
group of organic substances that are capable of converting raw animal hides into 
leather. Common tannin, or gallotannic acid, CuHioOg ^HzO, is obtained from 
gall nuts. It has an astringent taste and the character of a weak acid. Its aqueous 
solution is really a colloidal suspension of negatively charged particles and will form 
precipitates, or gels, with positively charged suspensions of certain inorganic com- 
pounds by reciprocal flocculation (see Vol. 1). The resulting adsorption complexes 
are voluminous and characteristic precipitates which filter well; upon ignition they 
yield oxide of a metal in a weighable form. 

Tannin as a reagent in quantitative analysis was recommended by Powell and 
Schoeller for separating tantalum from columbium,* and the use of this reagent 
was extended by them and their collaborators to the determination of other ele- 


1 Z. arwl. Chem., 1901, 809. 
* Analyst^ 60, 485 (1925). 
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merits (Ti, Zr, Th, Al, U, and W).* Subsequently Moser and his students studied 
the use of tannin in the analytical chemistry of beryllium and of gallium.* , 

The importance of tannin as a precipitant for aluminum, zirconium, hafnium, 
thorium, uranium, titanium, columbium, and tantalum is due to the following facts. 
(1) Under proper conditions the precipitates can be formed from tartrate solutions, 
which is not the case with respect to the precipitation of the hydroxides by ammonia 
(cf. p. 168). Tannin is a general precipitant for the above elements (formerly called 
earths) just as hydrogen sulfide is for the heavy metals. (2) In an oxalate solution, a 
separation into two classes can be made just as with ammonium polysulfide in the 
analysis of sulfides. Here also one of the groups represents oxides which are acid 
in nature (Ta205, Cb206, TiOj), and the other group oxides which are more basic 
(Zr02, Hf02, Th02, AI2O3, BeO, UOs, Cr203, etc.). (3) The colored tannin pre- 
cipitates are characteristic just as are the colored sulfides. (4) With the aid of 
tannin, excellent separations can be made of (a) tantalum from columbium in all 
proportions and (6) small quantities of tantalum and columbium from larger quanti- 
ties of titanium. 

Reagent. Use a freshly prepared 2 to 5 per cent solution of high-grade, com- 
mercial gallotannic acid (tannin) in boiling-hot distilled water. The tannin should 
be practically ash-free. It is also called digallic acid. 

The following eight procedures illustrate the use of tannin in quantitative analysis. 

1. Precipitation of Aluminum, Zirconium, Thorium, Uranium, 
Titanium, Columbium, and Tantalum from Tartrate Solution* 

Fuse 0.25 g or less of the oxides in a silica crucible with 3 to 4 g of 
potassium bisulfate (cf. p. 174). Dissolve the cold, fused mass in a 
strong solution containing 3 g of tartaric acid. Repeat the fusion if 
necessary. Into 200 ml of the acid tartrate solution thus obtained, 
introduce hydrogen sulfide and add 10 g of NH4CI and 10 g of ammonium 
acetate. Allow the solution to stand for some time in a warm place 
after saturating with hydrogen sulfide, to allow iron sulfide to flocculate. 
Filter, wash the precipitate with water containing a little ammonium 
sulfide and chloride. Boil the filtrate to decompose the ammonium 
sulfide present and add acetic acid dropwise until the 300 to 500 ml of 
solution is faintly acid. Heat to boiling, and while boiling introduce 
tannin solution (1 to 3 g of tannin). Keep the solution on a covered 
water bath for an hour and filter, with the aid of gentle suction, through 
an 11-cm washed filter supported on a filtering cone. Before the pre- 
cipitate becomes compressed and furrowed by suction, rinse it back to 
the original beaker with a liberal stream of wash liquor (2 per cent 
NH4CI solution containing a little tannin). Churn up the precipitate 
with some ashless filter pulp (p. 151), return to the filter, wash thor- 


52 , 504 (1927); 64 , 709 (1929); 67 , 550 (1932); 68 , 143 (1933). 
^Monatsh., 48 , 113, 673 (1927); 60 , 181 (1928); 61 , 181, 325 (1929). 

» Schoeller and Webb, Analyst^ 64 , 709 (1929). 
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oughly with the wash liquor, and use a rubber policeman and a little 
paper pulp to remove the last traces of precipitate from the walls of the 
beaker. 

If the precipitate is not very bulky, the use of suction is unnecessary. 

Dry the washed precipitate in a crucible placed on an asbestos mat 
until the paper is well charred (cf. p. 40), and then ignite with the 
crucible on a triangle. Cool the crucible, cover with a watch glass, and 
half fill it with 0.5 N HCl. Heat half an hour on the steam bath, make 
the resulting solution alkaline to methyl red by adding ammonia, filter, 
wash with 2 per cent ammonium nitrate solution, and ignite to constant 
weight of oxides. 

The leaching of the precipitate after the first ignition insures the complete removal 
of alkali salts and of sulfate; this is difficult to effect with biilky precipitates. 

The filtrate from the tannin precipitate should be tested for complete precipita- 
tion as follows: Heat to boiling, treat with 0..5 g of tannin, and make feebly ammoni- 
acal. This causes the formation of a discolored precipitate, which should be soluble 
on slight re-acidification, leaving only small dark flocks of organic matter. If not, 
the additional precipitate must be collected, wtushed, and added to the main pre- 
cipitate. 

The tannin complexes of Al, Zr, and Th are colorless; those of Ti and Cb, red; 
those of W and U, brown; and the Ta precipitate, yellow. Ferric salts give a pre- 
cipitate of an intense purplish black color. The above procedure provides for the 
removal of iron as sulfide. Tungsten interferes because, although it is not precipi- 
tated alone by tannin from tartrate or oxalate solutions, it is adsorbed to a consider- 
able extent by the other precipitates. 

2. Separation of Iron from Aluminum^ 

The above method is a reliable and convenient means for separating 
iron from less than 0.05 g of alumina. The alumina-tannin complex is 
too bulky to handle when larger quantities of alumina are present, and 
in such cases an aliquot part of the solution should be taken. The 
weight of tannin used should be at least 20 times that of the AI2O3 
obtained bj^ igniting the tannin precipitate; at least 0.5 g of tannin 
should always be used. 

3. Separation of the Acid Tannin Group (Ti02, Ta206, Cb206) from the 
Basic Tannin Group (AI2O3, Zr02, Th02i UO3, BeO)^ 

Principle. The members of the “ acid tannin group " are precipitated as tannin 
complexes in a feebly acid oxalate solution which is half-saturated with ammo- 
nium chloride; the members of the basic tannin group are not precipitated unless 


' Schoeller and Webb, loc. cU. 

* Schoeller and Powell, Analyst^ 67, 660 (1932). 
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ammonia is added. The process gives a clean-cut separation of any one or all of 
the members of one group from one or more members of the other. 

Procedure. Fuse the mixed oxides (up to 0.25 g) with potassium acid sulfate as 
in the first procedure. Dissolve the cold, fused mass in 75 to 100 ml of saturated 
ammonium oxalate solution. To the boiling solution add N NH4OH until a faint 
cloudiness forms, and at once dissolve this in as little HCl as possible; the solution 
should now be acid to litmus. Add an equal volume of saturated NH4CI solution 
and continue boiling while introducing dropwise a fresh 4 per cent solution of tannin. 
The quantity of tannin used should be 10 to 12 times the weight of “ acid oxides ” 
present. 

Allow the tannin precipitate to stand on a hot plate for an hour before filtering. 
Filter the precipitate as directed on p. 222 in Method 1, but this time use as wash 
liquor a solution containing 5 per cent NII4CI and 1 per cent (NH 4)20204. Ignite 
the washed precipitate in a tared porcelain crucible. 

Always test the filtrate for complete precipitation as follows: Heat to boiling, 
neutralize with N NH4OH, and treat with tannin dropwise until a slight precipitate 
is formed. If this is grayish or brownish gray, and soluble on slight acidification, 
the precipitation of the “ acid group ” is complete; if yellow or pale orange in color, 
some of the “ acid group ” remains. In this case, add tannin under the conditions 
given above and add the new precipitate to that previously obtained. 

To test the weighed precipitate of “ acid oxides ” for members of the “ basic ” 
group, repeat the entire procedure using the same quantity of tannin as in the first 
case. The weight of the new precipitate should be substantially the same as that 
obtained in the first place. Leach these oxides with 0.5 N HCl and continue as 
in Method 1, finally obtaining a weight of purified oxides. 

Then, to determine oxides of the “ basic ” group, take the combined filtrates from 
the tannin precipitations, add more tannin to the boiling solution and a moderate 
excess of ammonia. Filter off the tannin precipitate, wash it with 2 per cent NH4CI 
solution, and ignite to constant weight of oxides. This weight is usually somewhat 
high owing to a little Si02 from the vessels used in the analysis or from the reagents. 
To correct for this, fuse with KHSO4, dissolve the melt in 0.5 N H2SO4, filter off the 
insoluble residue, ignite, and call it Si02. Make a corresponding reduction from the 
weight of the “ basic ” oxides. 


4. Separation of Tantalum from Columbium^ 

Principle. Tantalum and columbium are precipitated completely from an 
oxalate solution on adding an excess of tannin solution and neutralizing with ammonia 
(see section 3) ; by properly regulating the quantities of reagents, it is possible to 
accomplish a quantitative separation of these two elements. Tantalum requires 
less tannin than columbium does and the precipitate forms in a more acid solution. 
The tantalum complex is yellow and the columbium complex is red; coprecipitation 
of the columbium with tantalum is indicated by the orange-yellow to orange-red 
color of the tannin precipitate. The progress of the precipitation, therefore, can be 
controlled by watching the color of the precipitate. It is impossible, however, to 
effect a quantitative separation by means of a single precipitation if less tantalum 
than columbium is present. 


‘ Schoeller, Analyst^ 57 , 750 (1932). 



SEPARATION OF TANTALUM AND COLUMBIUM 


225 


Schoeller has devised a scheme of analysis which furnishes (1) a yellow tannin 
precipitate containing tantalum and no columbium, (2) an orange to red precipitate 
containing both tantalum and columbium, and (3) a filtrate containing columbium 
and no tantalum. A complete separation is accomplished by systematic retreatment 
of the orange to red precipitate whereby three fractions are obtained again, the 
middle fraction is fractionated, and the process repeated until finally all the tantalum 
is obtained in the lorm of a yellow tannin precipitate. The actual working out of 
the method involves directions which are too lengthy to be given here; the original 
paper should be consulted for details. 


6. Separation of Small Quantities of Tantalum and Columbitun 
from Titanium* 

Principle. Titanium oxide is amphoteric and forms a sulfate, whereas the earth 
acids, Ta206 and CbaOs, do not. A solution of tannin in dilute sulfuric acid, placed 
in contact with the product formed by fusing Ti02, Ta205, and Cb206 with KHSO4, 
dissolves Ti(S04)2, leaving behind the Ta206 and Cb206. If tannin is not present, 
all three oxides dissolve in the sulfuric acid. 

Procedure. Fuse 0.1 to 0.25 g of the mixed oxides with 2 to 3 g of 
KHSO4 in a silica crucible and make the melt solidify around the sides 
of the crucible. Pour some of the hot reagent (1 per cent tannin in 
1.8 AT H2SO4) into the crucible and heat gently until the melt becomes 
detached. Transfer the contents of the crucible to a small beaker, 
rinse out the crucible with more of the hot reagent, heat the liquid just 
to boiling, and then, without further heating, allow the mixture to stand 
for some hours or over night. Filter, wash the residue with 0.5 N H2SO4 
containing a little tannin, ignite, and weigh the residual Ta 206 and 
Cb206.2 

If the weighed oxides are again fused with a small amount of KHSO4 and the melt 
dissolved in a little tartaric acid solution, then on boiling with one-quarter the liquid's 
volume of concentrated sulfuric acid, a characteristic white precipitate of earth acids 
will be obtained (cf. Vol. I). 

The above process is very simple and rapid but not suitable for the separation of 
large quantities of earth acids from titania. In such cases recourse must be had to 
the oxalate-salicylate method.® In principle, this method consists in dissolving 
the bisulfate melt of the mixed oxides in ammonium oxalate solution and adding an 
excess of sodium salicylate, whereby the titanium is converted into soluble, orange- 
colored sodium titanylsalicylate. The solution is then precipitated with excess 
of calcium chloride, the precipitated calcium oxalate carrying down the insoluble 
salicylic complexes of the earth acids. 


1 Schoeller, Anxilyst, 64, 453 (1934). 

* If the proportion of titania in the mixed oxides is very high, the pentoxides 
should be retreated. 

* Schoeller and Jahn, Analyst^ 67, 72 (1932). 
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6. Determination of Small Quantities of Tungstic Acid^ 

Principle. When a dilute solution of sodium tungstate containing sodium or 
ammonium chloride is treated with tannin, and acidified, the tungstic acid is pre- 
cipitated as the brown tannin complex. A small part of the tungsten complex 
remains in colloidal suspension. Addition of the salt of an alkaloid such as cin- 
chonine produces a flocculent cinchonine tannin complex which acts as a collector 
of the colloidal tungsten precipitate. 

This method replaces the mercurous nitrate precipitation process; it solves the 
problem of the recovery of small quantities of tungstic acid from solution. It is 
also to be preferred to the cinchonine precipitation method, which gives low results 
in the presence of much alkali salt. 

Procedure. To 100-150 ml of slightly alkaline solution, such as is 
obtained after fusing with Na 2 COs and extracting with water, add dilute 
HCl until neutral to phenolphthalein and a fresh solution of 0.5 g 
tannin in a little water. Part of the tannin will form a white turbidity if 
much chloride is present. Now make acid to litmus paper, which will 
cause the brown WO 3 and tannin complex to appear. After a few 
minutes, heat to gentle boiling and add 10 ml of 2.5 per cent cinchonine 
solution. Boil 5 minutes longer, and let stand 6 hours or over night. 
Filter with the aid of filter-paper pulp and wash with a cold 5 per cent 
NH 4 CI solution containing a little tannin. Pay no attention to a white 
turbidity that may form in the filtrate. Ignite in a tared porcelain 
crucible, and weigh the residual WO3. 

7. Beryllium 

Beryllium belongs to a third tannin group, the members of which (Be, Mn, Ce, 
and Y) furnish tannin complexes precipitated in the presence of an excess'of ammonia, 
and soluble in dilute acetic acid.®. 

Moser and List® base a separation of beryllium from a number of metals of Group 
III upon the solubility of its tannin complex in acetic acid. The solution is treated 
with hydrogen sulfide for the removal of heavy metals, and the filtrate is boiled 
with addition of bromine for the oxidation of ferrous iron. After neutralization 
with sodium carbonate, the solution is hydrolyzed in the presence of ammonium 
nitrite and methyl alcohol (p. 150). The precipitate, which contains beryllia and 
sesquioxides and dioxides of Group III, is dissolved in nitric acid. The solution is 
neutralized with ammonia, treated with ammonium acetate and nitrate, and acidified 
with acetic acid. Addition of tannin to the boiling solution precipitates Al, Cr, Fe, 
Ga, Ti, Zr, and V. Beryllium passes into the filtrate, from which it is recovered by 
tanhin and an excess of ammonia. 


® Schoeller and Jahn, ibid.y 62 , 504 (1927). 

* Schoeller and Webb, ibid.y 69 , 669 (1934). 
^MmaUh.y 61 , 181 (1929). 
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8. Gallium 

Moeer and BrukP found tannin to be the best and most sensitive precipitant for 
gallium. The boiling, weakly acid acetate solution containing 2 per cent of ammo- 
nium nitrate is treated drop by drop with 10 per cent tannin solution while stirring. 
At least 0.5 g of tannin should be added. The bulky precipitate is washed with hot 
water containing a little ammonium nitrate and acetic acid, and ignited to GaaOs. 
The procedure separates gallium from zinc, which is of practical importance because 
gallium occurs in zinc ores. The separation of gallium from aluminum is effected 
with cupferron.* 


Tungsten, W. At. Wt. 183.92 

Tungsten is determined as its trioxide, WO 3. 

If the tungsten is present as ammonium tungstate, as mercurous 
tungstate, or as tungstic acid, it can be changed by ignition in the air 
to yellow tungsten trioxide. Care should be taken not to heat strongly 
or some of the tungstic acid will be lost by volatilization. The crucible 
should be uncovered, and the full heat of the burner should not be used. 
When ignited over a M^ker burner in a covered platinum crucible, a 
slow volatilization of tungstic acid takes place. There is danger of some 
tungsten being reduced by ignition of ammonium tungstate. 

If the tungsten is present as alkali tungstate, the tungstic acid may be 
precipitated as such, or by means of mercurous nitrate as mercurous 
tungstate;^ by ignition the yellow trioxide is obtained and weighed. 

The most satisfactory way to determine tungsten is to W(Mgh it as 
WO3 after it has separated out as tungstic acid by digestion with IICl 
or HNO3, finally in the presence of cinchonine. Precipitation as Hg2W04 
followed by ignition to WO3 is quantitative but other a(;ids such as 
vanadic, chromic, and molybdic acids also form insoluble mercurous 
salts under similar conditions so that precipitation with HgNOs serves 
best as a group separation. 

Precipitation of Tungstic Acid 

Moisten the sample with 20 ml of concentrated hydrochloric acid, 
add 10 ml of concentrated nitric acid, and evaporate carefully to 10 or 
15 ml. Rinse down the cover glass and sides of the container with water 
and dilute to about 150 ml. Add 5 ml of cinchonine hydrochloride 
solution (prepared by dissolving 12.5 g of cinchonine in 100 ml of 6 AT 
acid) and heat on the hot plate for 30 minutes or longer, stirring occasion- 
ally and keeping the temperature just below boiling. 

» MonaUh., 60, 181 (1928). 

*/Wd., 61, 325 (1929). 

• See p. 226 for a method using tannin and cinchonine hydrochloride. 
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Allow the tungstic acid to settle and then decant the solution through 
a filter containing some pulp made by digesting ashless filter paper with 
acid. Wash the precipitate 3 times with the above cinchonine hydro- 
chloride solution diluted 100-fold. Transfer the precipitate to the filter 
and continue washing till free from alkali salt. Ignite at a low tempera- 
ture in an open crucible and weigh the residual WO3. 

Remarks. It is difficult to precipitate tungstic acid by simple evaporation with 
acid. Sodium tungstate, NasWOi, unites to some extent with free tungstic acid to 
form an acid tungstate, Na 2 W 40 i 8 , and this is not easily decomposed by acids. By 
heating with ammonium hydroxide the acid tungstate can be converted back to 
normal tungstate, but on adding acid some more of the acid tungstate is likely to 
form. 

Cinchonine hydrochloride prevents the formation both of the acid tungstate and 
of colloidal solutions upon washing. During the ignition all the organic material is 
consumed so that the presence of cinchonine in the precipitate does no harm. 

Tungstic acid is slowly volatilized by heating at a high temperature. The filter 
should be consumed at as low a temperature as possible and the heating stopped 
when the carbon is all gone. 


Precipitation of Tungsten as Benzidine Tungstate^ 

If a neutral solution of sodium tungstate is treated with benzidine 
hydrochloride, a white flocculent precipitate of benzidine tungstate is 
formed and the precipitate is insoluble in water containing benzidine 
hydrochloride; when formed in the cold it is hard to filter and, on being 
washed with pure water, tends to run through the filter. If the precipi- 
tate is formed from a hot solution, however, it comes down in a more 
compact condition and after cooling^ can be easily filtered and washed 
without loss with water containing benzidine hydrochloride. The 
moist precipitate on being heated to 800® yields a residue of WO 3 . 

The precipitation can also take place satisfactorily from a cold solu- 
tion if, before adding the precipitant, a little dilute sulfuric acid or alkali 
sulfate is added to the solution. In this case a mixture of crystalline 
benzidine sulfate and amorphous benzidine tungstate is formed which 
can be filtered after standing 5 minutes. The benzidine sulfate is 
entirely volatile, so that equally good results are obtained by either of 
the above two procedures. 

If the tungsten is present as tungstate after fusing with sodium car- 
bonate, dissolve the melt in water, add a little methyl orange to the clear 
solution, then hydrochloric acid until the pink color is obtained, and 

» G. v. Knorre, Bcr., 38 , 783 (1905). 

* Since benzidine tungstate is appreciably soluble in hot water containing ben- 
zidine hydrochloride, it is always necessary to postpone the filtration until the 
solution is cold. 
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finally 10 ml of 0.1 iV sulfuric acid. Benzidine hydrochloride gives a 
precipitate which can be filtered in 5 minutes. Wash with dilute benzi- 
dine hydrochloride until the evaporation of a few drops of the filtrate 
on platinum foil leaves no weighable residue. Ignite the moist precipi- 
tate as described above. 

Preparation of the Benzidine Solution 

Triturate 20 g of commercial benzidine in a mortar with water, 
wash into a beaker with about 400 ml of water, treat with 25 ml hydro- 
chloric acid {d 1.2), and heat until solution is complete and a brown 
liquid is formed. Filter and dilute to 1 1. Of this solution, 5.6 ml is 
sufficient to precipitate 0.1 g of WO 3 . 

If the analysis is carried out in the presence of sulfuric acid, it is neces- 
sary to add at least 1 ml of the benzidine solution for 10 ml of 0.1 
sulfuric acid added. 


Preparation of the Wash Liquid 

Dilute 10 ml of the above solution with distilled water to a volume 
of 300 ml. 


Determination of Tungsten in Steel 

Modem alloy steels often contain from 0.5 to 20 per cent of tungsten. 
It may be present as WC or as Fe 2 W. In mild steel, tungsten up to 1 
per cent has little effect upon the mechanical properties, but “ high- 
speed ” steels containing 13-18 per cent tungsten, 2.5-5 per cent chro- 
mium, 0.6-0. 7 per cent carbon, and up to 1 per cent vanadium are charac- 
terized by their ability to be worked at a speed 3 to 5 times as great as 
that at which plain carbon steels can be worked, and these high-speed 
steels retain their hardness even at a red heat. The steel can be hardened 
at a white heat which would min a plain carbon steel. Probably double 
carbides of Cr and W are formed in the steel and remain in it on rapid 
cooling and to some extent on slow cooling. 

After thorough oxidation of a sample of steel by treatment with acid 
and an oxidizing agent, the tungsten is obtained as a hydration product 
of yellow WO3 (tungstic acid anhydride). This, like silicic acid, is 
insoluble in water but tends to form colloidal solutions. The problem, 
therefore, is to oxidize the tungsten to tungstic acid and then to make 
sure that it is all precipitated together with any silicic acid that may be 
present. The complete precipitation is aided by adding some cincho- 
nine hydrochloride to the solution; cinchonine is an alkaloid, or weakly 
basic organic substance of complicated composition. In the following 
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rapid method, the precipitation of the tungstic acid is not quite complete, 
but this deficiency is compensated by the presence of small quantities 
of impurities. 

Procedure. Treat 1.0 g of the steel in a 400-ml beaker with 50 ml 
of concentrated HCl, and heat in the covered beaker until all the metal 
is decomposed. Remove from the heat and add cautiously 5 to 7 ml 
of concentrated HNO 3 . Cover the beaker, and boil for 5 minutes to 
oxidize all the iron and convert the tungsten to yellow tungstic acid. 
Remove from the heat, wash the under part of the watch glass and the 
sides of the beaker with hot water, dilute to 75-100 ml, and filter through 
a 9-cm ashless filter containing some filter-paper pulp made from ashless 
filters. Wash the precipitate alternately, three times each, with 10-ml 
portions of hot 6 N HCl and hot water, and finally with four similar 
portions of hot water. Transfer the paper and precipitate to a weighed 
platinum crucible, ignite, and weigh. Treat the impure WO3 with sul- 
furic and hydrofluoric acids (see Chapter XII) to volatilize SiF 4 , and call 
the residue WO 3 . 


Determination of Tungsten in Ores^ 

Procedure. Weigh out accurately about 1 g of the finely ground ore 
into a 400-ml beaker. Moisten the sample with 5 ml of water, and add 
100 ml of concentrated hydrochloric acid. Cover the beaker and digest 
at about 60° for at least an hour. Stir from time to time to prevent the 
formation of any crust. Then evaporate slowly to about 50 ml. Add 
40 ml more of strong hydrochloric acid and 20 ml of concentrated nitric 
acid, and evaporate to about 10 ml. During these operations, especially 
when fresh acid is added, stir the material at the bottom of the beaker 
so that it does not become encrusted. 

Rinse down the cover glass and the sides of the beaker and dilute with 
water to about 150 ml. If, by accident, the solution was evaporated 
to dryness during the above treatment, add 20 ml of concentrated hydro- 
chloric acid and 10 ml of concentrated nitric acid to the residue and 
evaporate to 10 or 15 ml. 

To the diluted solution add 5 ml of cinchonine hydrochloride solu- 
tion (12.5 g of cinchonine dissolved in 100 ml of 6 AT hydrochloric acid) 
and heat on the hot plate for 30 minutes or longer. The solution should 
be at a temperature just below the boiling point and should be stirred 
occasionally. 

Allow the tungstic acid anhydride to settle and then decant the solu- 

* Recommended by J. A. Holladay and found satisfactory by collaborative work 
in 17 different laboratories under the direction of W. F. Hillebrand. 
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tion through a filter which contains some pulp made by digesting ash- 
less filter paper with acid. Wash the precipitate three times with a 
solution containing 10 ml of the above cinchonine solution to a liter of 
hot water. Then transfer the precipitate to the filter and wash with 
this same diluted cinchonine solution. 

Wash the tungstic anhydride back into the original beaker by a jet 
of water, using about 25 ml to accomplish this. Add 6 ml of concen- 
trated ammonia solution and heat gently, with the beaker covered, for 
about 10 minutes to convert all the tungstic acid into ammonium tung- 
state. Rinse down the sides of the beaker with hot, dilute ammoniacal 
ammonium chloride solution (200 ml of concentrated ammonia, 800 ml 
of water, and 10 ml of concentrated hytlrochlorio acid). Stir up the 
contents of the beaker and filter through the same filter that was used 
for the previous filtration. (Collect the filtrate in a 400-ml beaker and 
wash the original beaker and filter with the hot ammoniacal solution. The 
presence of a little ammonium chloride in this ammoniacal solution pre- 
vents colloidal silicic acid from passing into the filtrate. 

The residue on the filter is usually free from tungsten, but it should 
be tested (see below). Ammonium and sodium salts tend to prevent 
the complete precipitation of tungstic acid, so that it is important, 
next, to remove the excess ammonia. After this has been evaporated 
off, add 20 ml of concentrated hydrochloric acid and 10 ml of concen- 
trated nitric acid and evaporate to about 15 ml. Dilute with 150 ml 
of water and precipitate the remainder of the tungstic acid by treatment 
with cinchonine solution as described al)ove. 

After filtering and washing the precipitate as before, ignite it care- 
fully in a weighed platinum crucible. The presence of the paper pulp 
causes the precipitate to form a porous, friable mass and makes it easy 
to oxidize the carbon. If the ignition is made in a muffle, the introduc- 
tion of oxygen is advantageous. After burning off the carbon, at as 
low a temperature as possible, weigh the precipitate and correct for 
silica by the usual treatment with hydrofluoric acid. 

If the tungstic acid is heated over the full flame of the burner, some 
of it will be lost by volatilization. After the removal of the silica, the 
residue should be heated to dull redness for only 1 minute. Heated in 
the muffle, the maximum temperature should not exceed 800°. The 
ignited tungsten trioxide, WOa, should have a clean, lemon-yellow color. 

To test for tungsten the residue that is insoluble in ammonia, ignite it 
in an iron crucible and fuse the ash with a small quantity of sodium 
peroxide mixed with a little sodium carbonate. Reducible metals are 
likely to ruin a platinum crucible if the residue and filter paper are heated 
in it. Extract the melt with water and filter. Acidify the aqueous 
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extract with hydrochloric acid, add 5 ml of cinchonine hydrochloride 
solution, and heat for several hours to see if any yellow tungstic acid 
anhydride is formed. 

Rapid Method for Determining Tungsten in Ores 

Treat 1 g of ore in a platinum dish with about 10 ml of HF, 25 ml 
of concentrated HCl, and 10 ml of 9 iV HCIO 4 . Heat carefully until 
the sample is decomposed, adding more HF if necessary. Evaporate 
on an air bath to fumes of HCIO 4 . Dilute with water and transfer to 
a 400-ml beaker. The WO3 can usually be removed from the dish by 
rubbing with a rubber policeman. If any stain adheres, dissolve it 
in a little concentrated ammonia and add to the acid solution. Add 
75 ml of concentrated HCl and 25 ml of concentrated HNO 3 , and evapo- 
rate to about 20 ml at a temperature a little below the boiling point. 
Dilute with 100 ml of cold water, add 10 ml of cinchonine reagent 
(p. 230), and allow 2 hours for the precipitate to settle.^ Filter, and 
wash with dilute cinchonine solution as described on p. 231. Ignite 
the residue in a weighed platinum crucible to a dull red heat and weigh. 
Treat with HF and H 2 SO 4 as described on p. 230 to make sure that 
the original treatment removed all Si 02 . 


Separation of Molybdenum from Timgsten 

(a) The Sulfuric Acid Method 

This method, proposed by M. Ruegenberg and E. F. Smith,* depends upon the 
fact that unignited molybdic acid is readily dissolved by heating with sulfuric acid 
(d 1.38), while tungstic acid is not. 

W. Hommel® tested this method in the author’s laboratory, and could not obtain 
good results except by digesting the moist oxides with concentrated sulfuric acid, and 
afterward diluting with three times as much water. 

Procedure, a. Both Acids Are Present in a Moist ^ Freshly Preci'pitated 
State, Cover the mixture with concentrated sulfuric acid in a porcelain 
dish and heat over a free flame. By this means, usually a small amount 
of the tungstic acid is oxidized to the blue oxide, so that the yellow pre- 

* The above procedure is essentially that recommended by Ledoux and given in 
BvlL 212 of the Bureau of Mines. Ledoux recommends fusing the final WO3 pre- 
cipitate with sodium carbonate, leaching with water, filtering, igniting, and weigWng 
the insoluble residue to correct for impurities in the WOj precipitate. 

* J. Am. Chem. Soc., 22 , 772. 

* Inaug. Dissert., Giessen, 1902. 



SEPARATION OF MOLYBDENUM FROM TUNGSTEN 233 


cipitate of tungstic acid is tinted with green. On adding one or two 
drops of dilute nitric acid, the green color disappears and the tungstic 
acid is of a pure yellow color. After digesting for half an hour, the 
separation is complete. Cool, dilute the liquid with three times its vol- 
ume of water, filter, wash with water containing sulfuric acid, then two 
or three times with alcohol, ignite (after burning the filter by itself) 
in a porcelain crucible, and weigh as WO 3 . 

Precipitate the molybdenum in the filtrate by passing hydrogen sul- 
fide into the sulfuric acid solution in a pressure flask, and treat the 
precipitate as described on p. 114. 

If only a little sulfuric acid is used for the separation, the filtrate 
from the tungstic acid can be evaporated in a platinum dish, the sul- 
furic acid driven off for the most part, and the residue washed into a 
weighed platinum crucible with ammonia, and then evaporated, ignited, 
and weighed. If large amounts of molybdenum are present, however, 
it is always safer to precipitate the molybdenum as sulfide. 

/3. Tungsten and Molybdenum Are Present in the Form of Their Ignited 
Oxides. These ignited oxides cannot be separated by treatment with 
sulfuric acid. According to W. Ilommel, they can readily be brought 
into solution by heating for half an hour on the water bath with concen- 
trated ammonia in a pressure flask, shaking frequently. 

After cooling, wash the contents of the flask, whether dissolved or 
not, into a porcelain dish, evaporate to dryness, and treat as described 
under (a). 

It is still better to fuse the ignited oxides with four times as much 
sodium carbonate, and treat the melt as described under (a). 

(6) Sublimation Method} 

If a mixture of the trioxides of tungsten and molylKlenum, or of their alkali salts, 
is heated at 250-270^' in a current of dry hydrochloric acid, the molybdenum is 
volatilized completely as MoO, •21101, which collects on the cooler parts of the tube 
as a beautiful, white, wool-like sublimate, while the tungsten trioxide remains behind 
in the boat. 

Procedure. Weigh out about 0.3 g of the oxides of the two elements, 
or their sodium salts, into a porcelain boat, and place the boat in a tube 
made of difficultly fusible glass, of which one end is bent vertically down- 
ward and is connected with a P61igot tube containing a little water. 
Insert the horizontal arm of the tube through a heated air bath, and 
connect with an apparatus for generating hydrogen chloride gas. Pass 
this gas through a flask containing concentrated hydrochloric acid, and 

' Pochard, Compt. rend., 114, 173, and 48, 1101. 
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then through concentrated sulfuric acid. As soon as the temperature 
has reached about 200° the sublimation of the molybdenum begins. 
From time to time drive over the sublimate that collects in the combus- 
tion tube toward the P61igot tube^ by carefully heating with a free flame, 
to see whether any more molybdenum is being volatilized. After 
heating for 1.5-2 hours, the operation is usually complete. Remove 
the boat containing tungsten trioxide alone or with sodium chloride. 
If only the tungsten trioxide is present, weigh after drying in a des- 
iccator over caustic potash; if, however, sodium chloride is present 
(when the tungsten was originally present as sodium tungstate), remove 
this by treatment with water, and weigh the filtered WO3 after ignition. 

For the determination of the molybdenum, wash out the sublimate 
in the tube by means of water containing a little nitric acid, and care- 
fully evaporate the nitric acid solution of the entire sublimate to dryness 
in a porcelain dish. Dissolve the residue in ammonia, wash into a por- 
celain crucible, evaporate to dryness, and change to MoOb by gentle 
ignition. 


(c) The Tartaric Acid Method of H. Rose 

To the aqueous solution of the alkali salts of the two metals add 
considerable tartaric acid and an excess of sulfuric acid. Precipitate 
the molybdenum according to p. 114, by hydrogen sulfide in a pressure 
flask. Filter off the molybdenum sulfide and change by roasting in 
the air to the trioxide. For the determination of the tungsten, destroy 
the tartaric acid by repeated evaporation with nitric acid, filter off the 
precipitated tungstic acid, and change by ignition to the trioxide. 

Remark. This method gives correct results, but is not so satisfactory as the 
preceding one on account of the time consumed in removing the tartaric acid. 


Analysis of Tungsten Bronzes 

The analysis of these alkali salts of complex tungsten acids, discovered by Wbhier 
in 1824,^ offered considerable difficulty for a long time because acids do not decompose 
them very readily. 

By fusion with alkalies in the air, or better still in the presence of potassium 
nitrate, the tungsten bronzes can be converted without difficulty into normal alkali 
tungstate, and the tungsten determined by one of the methods already described. 


^ By the absorption of the Mo08-2HCl in the water of the P^ligot tube, the brick- 
red acid chloride, MosOsCh, is often formed: 

3[MoOa-2HCll + 2HCI = 4HaO + Mo.OjCla 
This substance is insoluble in hydrochloric acid, but readily soluble in nitric acid. 
* Pogg. Ann., 2 , 350. 
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It is obvious that the alkalies cannot be determined in the same sample, so that 
Philippi proceeded as follows: 

Treat the bronze with ammoniacal silver nitrate solution. The WO 2 is thereby 
oxidized to WOa and an equivalent amount of silver is precipitated, but the whole 
of the tungsten dissolves as alkali and ammonium tungstates. In the filtrate ob- 
tained after filtering off the deposited silver, precipitate the tungstic acid by treat- 
ment with nitric acid and determine as WO 3 . After removing the excess of silver, 
by precipitating it as the chloride, evaporate the filtrate to dryness with the addition 
of sulfuric acid, and weigh the alkali as sulfate. * 

Although the above method affords satisfactory results in the analysis of bronzes 
containing comparatively little tungsten, it is wholly inadequate for bronzes rich 
in tungsten. The method of Brunner,^ which follows, is applicable in all cases. 
It is based upon the fact that the bronzes can be transformed very easily, and with- 
out loss of alkali, into normal tungstates by heating with ammonium persulfate, or 
ammonium acid sulfate. 

Procedure. Treat 0.5 g of the finely powdered bronze in a porcelain 
crucible with 2 g of alkali-free ammonium sulfate and 2 ml of concen- 
trated sulfuric acid, 3 heating carefully over a small fiame. During the 
heating, frequently move the crucible cautiously to shake its contents 
about a little. The escape of gases from the crucible soon ceases, and 
when sulfuric acid vapors begin to be evolved the decomposition of the 
bronze results. 

With sodium and lithium bronzes the fused mass appears greenish, 
whereas with a potassium bronze the color is yellowish white. After 
a part of the ammonium sulfate has been volatilized, allow the mass in 
the crucible to cool; add another gram of ammonium sulfate and 1 ml of 
concentrated sulfuric acid. Again heat the contents of the crucible as 
before until sulfuric acid fumes come off thickly; then allow the cnicible 
to cool. 

Soften the greenish or yellowish white residue by treating with 
water and rinsing into a porcelain dish. After adding 50 ml of concen- 
trated nitric acid, digest the contents of the evaporating dish on the 
water bath for 3 or 4 hours, and then, after diluting with water, filter 
off the residue of pure yellow tungstic acid. 

To recover the small amount of tungstic acid remaining in the filtrate, 
evaporate as far as possible on the water bath, allow to cool, dilute with 
a little water, carefully treat with an excess of ammonia, again evaporate 
on the water bath, and treat as described on p. 227. 

Evaporate the final filtrate from the tungstic acid determination to 

1 Rer., 16, 500 (1882). 

* Inaug. Dissert, Zurich., 1903. 

’ If ammonium persulfate is used the addition of sulfuric acid is unnecessary. 
The only objection to the use of the persulfate is that the commercial salt often 
contains some potassium persulfate. 
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dryness, expel ammonium salts by ignition and weigh the residue of 
alkali sulfate (cf. pp. 270 and 278). 

Separation of Tungsten from Tin^ 

Mix 1 g of the finely powdered mineral in an iron crucible with 8 g 
of sodium peroxide, and carefully fuse the mixture over a Bunsen burner 
for about 15 minutes. After cooling, soften the melt with water and 
transfer into a 250-ml flask (if lead is present, conduct carbon dioxide 
into the solution for a few minutes), dilute the solution to the mark, 
mix well and filter through a dry filter, rejecting the first few milliliters 
of the filtrate. 

For the determination of the tungstic acid^ take 100 ml of the filtrate 
and proceed as described on p. 227. 

For the determination of the tin, use a second 100 ml of the original 
alkaline solution. Treat with 45 ml of concentrated hydrochloric acid, 
to precipitate tungstic and stannic acids. Add 2 or 3 g of pure zinc 
to change the tungstic acid to the blue oxide and reduce the stannic 
acid to metallic tin. Allow the mixture to stand quietly for an hour at 
a temperature between 50° and 60°. The tin then goes into solution as 
stannous chloride, and the greater part of the tungsten remains undis- 
solved in the form of the blue oxide. Filter off the latter, and wash. 
In this way the whole of the tin should be obtained in an acid solution, 
in the presence of a small amount of tungsten, which does no harm. 
Dissolve the blue oxide on the filter, however, in hot, dilute ammonia 
solution to make sure that it contains no trace of metallic tin. If it 
does, dissolve the small particle of tin in a little hydrochloric acid and 
add the resulting solution to the main solution of the tin. 

Now dilute the solution with water and precipitate the tin as stan- 
nous sulfide by introducing hydrogen sulfide gas. Filter off the precipi- 
tate, ignite in a porcelain crucible, and weigh as Sn02 (see p. 97). Or 
dissolve the moist precipitate of stannous sulfide in potassium hydroxide 
solution and determine tin by electrolysis (see p. 97). 

According to Donath and Miiller^ a mixture of stannic oxide and 
tungstic acid may be separated as follows: Ignite the mixture with 
powdered zinc for 15 minutes in a covered porcelain crucible. After 
cooling, heat the spongy mass in the crucible in a beaker with 4 N hydro- 
chloric acid (1:2) until evolution of hydrogen is no longer perceptible. 
Allow the solution to cool somewhat and add powdered potassium chlo- 
rate little by little until the blue tungsten oxide is completely trans- 

1 Cf. H. Augenot, Z. angew. Chem,, 19 , 140 (1906). 

* Wiener Monatsh., 8, 647 (1887). 
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formed to yellow tungstic acid, and the liquid no longer shows any 
blue tinge. Dilute with 1^ times as much water, and after standing 24 
hours filter off the tungstic acid, washing the precipitate first with dilute 
nitric acid and then with 1 per cent solution of ammonium nitrate. Dry, 
ignite, and weigh as WOs. Determine the tin in the filtrate as above. 

Separation of Tungstic Acid from Silica 

When a mixture of tungstic and silicic acid is at hand, such as is 
obtained by evaporation with nitric acid, the silicic acid may be removed 
by treating the ignited residue with hydrofluoric acid and a large ex- 
cess of sulfuric acid. 


Vanadium, V. At. Wt. 60.96 

Vanadium is determined as the pentoxide, ¥265. The most con- 
venient method for determining vanadium is a volumetric process; it 
will be discussed in Chapter XV. 

If vanadium is present as ammonium or mercurous vanadate, it can 
be easily changed to the pentoxide by ignition; the pentoxide is a reddish 
brown fusible substance which solidifies as a radiating, crystalline mass. 
If vanadic sulfide is carefully roasted in the air, it is also changed quanti- 
tatively to the pentoxide. 

In the analysis of most minerals containing vanadium, the vanadium 
is separated from the other metals present by fusing with a mixture of 
6 parts sodium carbonate and 1 part potassium nitrate. After cooling, 
the melt is extracted with water, whereby the sodium vanadate goes 
into solution while most of the metals are left behind in the form of 
oxides or carbonates. If phosphorus, arsenic (molybdenum, tungsten), 
and chromium are present, these elements also dissolve on treating the 
melt with water in the form of the sodium salts of the corresponding 
acids. 

In practice, therefore, the vanadium is usually met with as the sodium 
salt of vanadic acid, and it is a matter of separating it from the aqueous 
solution obtained after fusing with sodium carbonate and potassium 
nitrate, and of separating it from the other acids which are likely to 
accompany it (phosphoric, arsenic, and chromic acids). 

Precipitation of Vanadic Acid from a Solution of Sodium Vanadate 

The Lead Acetate Method of Roscoe^ 

Principle. If a solution weakly acid with acetic acid is treated with lead acetete, 
orange-yellow lead vanadate is precipitated quantitatively. The lead vanadate, 

» Ann. Chem. Pharm., Suppl, 8, 102 (1872). 
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howfiver, does not possess a constant composition, so that the amount of vanadium 
present cannot be determined by weighing the precipitate. After being washed, it 
is dissolved in as little nitric acid as possible, the lead precipitated as lead sulfate, 
and the vanadium determined in the filtrate by evaporating the filtrate, driving off 
the excess of sulfuric acid, and weighing the residual V 2 O 6 . 

Procedure. Fuse with sodium carbonate and a little potassium 
nitrate, cool, extract with water to dissolve the alkali salts, and filter. 
Nearly neutralize the solution wtih nitric acid, and stir into it an excess 
of lead acetate solution; the voluminous precipitate will soon coagulate 
and settle to the bottom of the beaker leaving a perfectly clear super- 
natant liquid. The precipitate is at first orange-colored, but on standing 
it gradually becomes yellow and finally perfectly white. Filter and wash 
with water containing acetic acid until a little of the filtrate will leave no 
residue on evaporation. Wash the precipitate into a porcelain dish, dis- 
solve the part remaining on the filter in as little as possible of hot, dilute 
nitric acid, and add the solution to the main part of the precipitate, to 
which add enough nitric acid to dissolve it completely. Then add an ex- 
cess of sulfuric acid, evaporate on the water bath as far as possible, and 
finally heat over a free flame until dense fumes of sulfuric acid are evolved. 
After cooling, add 50-100 ml of water, filter off the lead sulfate, and wash 
with dilute sulfuric acid until 1 ml of the filtrate will show no yellow color 
with hydrogen peroxide. The lead sulfate should be white and free from 
vanadium; it will be so, provided that enough sulfuric acid was used and 
the mass was not heated until absolutely dry before diluting with water. 
Evaporate the filtrate containing all the vanadic acid in a porcelain 
dish to a small volume, transfer to a weighed platinum crucible, evapo- 
rate further on the water bath, and finally in an air bath until all the 
sulfuric acid is removed. Ignite the contents of the open crucible for 
some time^ at a faint-red heat and finally weigh as V 2 O 6 . 

Remark. Instead of decomposing the lead vanadate by means of sulfuric acid, 
Holverscheidt recommends precipitating the lead as sulfide by means of hydrogen 
sulfide and determining the vanadium in the filtrate. For this purpose boil the blue- 
colored filtrate from the lead sulfide precipitate (which contains some vanadyl 
salt) to expel the excess of hydrogen sulfide and filter off the deposited sulfur. Add 
a few drops of nitric acid, evaporate the solution to dryness, and change the reddish 
yellow hydrate of vanadic acid by gentle ignition into the pentoxide of vanadium. 

Lead may also be separated from the vanadic acid as lead chloride. In this case 
it is necessary to add 15 volumes of alcohol to the solution. 

The separation of vanadium as the sulfide by acidifying a solution of an alkali 
vanadate that has beien treated with an excess of ammonium sulfide is not admissible, 

' On expelling the sulfuric acid, there are finally formed some green and brown 
crystals of a compound of vanadic acid with sulfuric acid; these are decomposed 
only at a faint-red heat. 
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for only a part of the vanadium is precipitated as the brown sulfide, the rest remain- 
ing in solution in the form of vanadyl salt. H. Rose called attention to the inaccu- 
racy of this method, but this has not prevented its being recommended in some works 
on analytical chemistry. 

Separation of Vanadium from Arsenic Acid 

Most minerals containing vanadium also contain arsenic, and after 
extracting the melt, obtained by fusion with sodium carbonate and niter, 
vrith water j both elements go into solution. For their separation, make 
the solution acid with dilute sulfuric acid and introduce sulfur dioxide 
into the hot liquid; the vanadic acid is reduced to vanadyl salt and the 
arsenic to arsenious acid. After boiling to remove the excess of sulfur 
dioxide, saturate the solution with hydrogen sulfide and filter off the 
precipitate of arsenic trisulfide. Remove hydrogen sulfide from the 
filtrate by boiling, evaporate with nitric acid to form vanadic acid again, 
make the solution alkaline with sodium carbonate, and determine the 
vanadium by one of the above methods. 

Separation of Vanadium from Phosphoric Acid 

If the aqueous solution obtained after the soda-niter fusion contains 
phosphoric as well as vanadic acid, both arc precipitated by mercurous 
nitrate in a neutral solution. By igniting and weighing the washed 
precipitate the sum of the V 2 O 6 + P 2 O 6 is obtained. When P 2 O 6 is 
present the V 2 O 6 does not melt, but only sinters together. Fuse the 
ignited oxides with an equal weight of sodium carbonate, dissolve the 
melt in water, make the solution acid with sulfuric acid, and boil with 
sulfurous acid to reduce the vanadic acid to vanadyl sulfate, which will 
be recognized by the pure blue color that the solution assumes. Pass 
carbon dioxide into the boiling solution until the excess of sulfurous acid 
is removed, and then allow to cool. To the cold solution, now about 
100 ml in volume, add 200 ml of a 75 per cent solution of ammonium 
nitrate and 50 ml of ammonium molybdate solution (cf. Remark, p. 240). 
Heat the solution to about 60°, and set aside to stand for 1 hour. Decant 
the clear liquid through a filter, and wash three times by decantation 
with 50 ml of the proper wash liquid (see “ Phosphoric Acid '') • Dissolve 
the precipitate by pouring 10 ml of 8 per cent ammonia through the filter 
into the beaker containing the bulk of the precipitate and finally wash 
the filter with 30 ml of water. To this solution add 20 ml of a 34 per 
cent ammonium nitrate solution and 1 ml more of ammonium molyb- 
date, heat just to boiling, and reprecipitate the phosphoric acid by the 
addition of 20 ml of hot 25 per cent nitric acid. Determine the phos- 
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phoric acid by the method of Woy (see Phosphoric Acid **). Deduct 
the amount of P 2 O 6 found from the sum of the oxides to get the weight of 
V2O6. 

Remark. A. Gressly tested this method in the Zurich laboratory and made 
the interesting observation that, if about 0.15 g of V 2 O 6 was presen^i with 0.1 g P 2 O 6 , 
no trace of the latter could be detected according to the procedure of Woy, even on 
boiling the solution. On the other hand, an immediate precipitation was produced if 
a stronger solution of ammonium molybdate was used (75 g of ammonium molybdate 
dissolved in 500 ml of water) and this solution poured into 500 ml of nitric acid, d 1.2. 

The above-described separation gives correct results only when the vanadium is 
present as vanadyl sulfate; if vanadic acid is present it is precipitated with the 
phosphoric acid. If the solution is allowed to stand after the addition of the am- 
monium molybdate, the vanadyl sulfate is gradually oxidized to vanadic acid; the 
precipitate therefore should not be allowed to stand long before filtering. 

Separation of Vanadium from Molybdenum 

Precipitate the molybdenum as sulfide from sulfuric acid solution 
by the action of hydrogen sulfide under pressure as described on p. 114. 
Ignite and weigh as M0O3. 

Boil off hydrogen sulfide from the filtrate and determine vanadium as 
described under “ Separation of Vanadium from Arsenic Acid on 
p. 239. 

Determination of Vanadium and Chromium in Iron Ores and Rocks 

As vanadium often occurs in many ores of iron and in rocks, although 
in very small amounts, it is often of interest and of importance to be 
able to determine it under such conditions. For this purpose, W. F. 
Hillebrand^ proceeds as follows: 

Fuse 5 g of the finely powdered mineral with 20 g sodium carbonate 
and 3 g potassium nitrate over the blast lamp. Ii)xtract the fused mass 
with water, add a few drops of alcohol to reduce the green manganite, 
and filter off the residue.^ 

The aqueous solution contains sodium vanadate and often phosphate, 
chromate, molybdate, aluminate, and considerable silicate as well. 
First of all, remove the aluminum and the greater part of the silicic 
acid by nearly neutralizing the alkaline solution with nitric acid.^ It 
is very important not to make the solution acid at this point on account 

1 17. S. Geol. Survey Bull, 700. 

* If considerable vanadium is present, the insoluble residue may contain vanadium 
and should be fused with soda and niter again. 

* Determine the amount of nitric acid necessary to neutralize 20 g of sodium 
carbonate by a blank test. 
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of the reducing action of the nitrous acid set free from the nitrite formed 
during the fusion. Evaporate the nearly neutral solution to approxi- 
mate dryness, take up in water, and filter.^ 

Treat the cold alkaline solution with an almost neutral solution of 
mercurous nitrate until no further precipitation takes place. The some- 
what voluminous precipitate contains, besides mercurous carbonate, 
also mercurous chromate, vanadate, molybdate, arsenate, and phos- 
phate, if the corresponding elements are present in the mineral. If the 
precipitate is too bulky, cautiously add a little nitric acid, and then a 
drop of mercurous nitrate in order to see whether the precipitation is 
complete. 

Heat the liquid to boiling, filter, wash the precipitate with water con- 
taining ammonium nitrate, dry, and ignite in a platinum crucible at as 
low a temperature as possible. Fuse the ignited residue with a little 
sodium carbonate, extract the melt with water, and, if yellow-colored, 
filter into a 25-ml flask and determine the amount of chromium colori- 
metrically by comparing its color with a carefully prepared solution of 
potassium chromate. 

Then slightly acidify the solution with sulfuric acid, and precipitate 
the molybdenum, arsenic, and traces of platinum by hydrogen sulfide 
in a pressure flask. Filter off the precipitated sulfides, carefully ignite 
the filter together with the precipitate in a porcelain crucible, add a 
few drops of sulfuric acid, and heat the cmciblc again until the acid is 
almost completely removed. On cooling the mass is colored a beautiful 
blue if molybdenum is present. 

Expel hydrogen sulfide from the filtrate by boiling and introducing 
carbon dioxide at a volume of not over 100 ml. Then titrate the hot 
solution to a pink color with 0.01 N potassium permanganate solution 
(cf. Chapter XV). To obtain absolutely accurate results, reduce the 
hot solution again with sulfur dioxide, expel the excess with carbon 
dioxide, and repeat the titration. This result is usually a trifle lower 
and should be taken as correct. 

5 V 202 (S 04)2 + 2KMn04 + 22H2O = 2KHSO4 -f 2MnS04 -f 
IOH3VO4 + 6H2SO4 

This method gives correct results only when the amount of chromium 
present is very small, which it usually is. 

1 The residue of aluminum hydroxide and silicic acid rarely contains vanadium, 
but often does contain chromium. If it is desired to determine the chromium, 
evaporate the residue to dryness with hydrofluoric and sulfuric acids, fuse the dry 
mass with soda and niter again, and add the aqueous solution of the melt to the main 

solution. 
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If more than 5 mg of chromium is present a correction must be made, 
for a measurable amount of permanganate is used up in oxidizing the 
chromium. This is determined by taking a solution containing the 
same amount of chromate as the analyzed solution, reducing it with sul- 
furous acid, and titrating with permanganate. The amount of perman- 
ganate now used must be subtracted from the amount used in the analy- 
sis, and from the difference the amount of vanadium can be calculated. 

Determination of Vanadium and Molybdenum in Steel 

Modified Method of A. A, BlaiA 

Dissolve 2 g of the steel in 50 ml 6 iV nitric acid, evaporate to dry- 
ness, and bake the residue to decompose nitrates. Take up with hydro- 
chloric acid and carry out the Rothe ether separation as described on 
p. 179. Practically all the molybdenum will be dissolved in the ether, 
and all the chromium, vanadium, and nickel will be in the aqueous 
acid solution. 

To determine molybdenum, evaporate the ether solution nearly to 
dryness by carefully heating over warm water, away from any flame. 
Add 10 ml of sulfuric acid and again evaporate to remove hydrochloric 
acid. Cool, dilute with 100 ml of water, and reduce the ferric salt by 
adding ammonium bisulfite. Boil off the excess of sulfurous acid, cool, 
transfer to a pressure flask, saturate with hydrogen sulfide, and deter- 
mine molybdenum as M 0 O 3 according to p. 114. 

Take the aqueous acid extract from the ether separation for the 
determination of vanadium. Remove the dissolved ether by heating 
on the water bath, add nitric acid in excess, and evaporate to remove 
hydrochloric acid. When the solution is almost simpy, add 20 ml of 
hot water and heat with a few drops of sulfurous acid to reduce any 
chromic acid that may have been formed, but take care not to reduce 
the vanadium. Boil and slowly pour the hot solution, while stirring, 
into an excess of a boiling 10 per cent solution of sodium hydroxide. 
One milliliter of the alkali will neutralize about 0.4 ml of 6 iV nitric acid. 
Boil a few minutes, allow the precipitate to settle, filter, and wash with 
hot water till free from alkali. The precipitates contain hydroxides of 
iron, chromium, nickel, copper, manganese, etc., and the filtrate contains 
sodium vanadate. To remove traces of chromium, make acid with 
nitric acid, boil, and again neutralize with hot caustic soda. Make this 
last filtrate acid with acetic acid, heat to boiling, and precipitate the 
vanadium with hot lead acetate solution. Filter off the yellow lead 


^ J. Am. Chem. Soc.^ 80, 1228. 



VANADIUM AND MOLYBDENUM IN STEEL 


243 


vanadate precipitate, dissolve it in hot dilute hydrochloric acid and, 
if much lead is present, evaporate the solution nearly to dryness, cover 
with alcohol, and filter off the lead chloride. Evaporate off the alcohol 
and titrate the vanadium as in the preceding method. 

Usually it is unnecessary to remove the lead. Evaporate the hydro- 
chloric acid solution to dryness, add 50 ml of 12 N hydrochloric acid, 
and again evaporate nearly to dryness. Add 10 ml of concentrated 
sulfuric acid and evaporate to fumes. Cool, dilute to 150 ml, heat to 
60®, and titrate slowly with permanganate. One milliliter of 0.1 AT 
permanganate reacts with 0.00510 g of vanadium. 

Remark. For the routine analysis of vanadium in steel, the American Society 
for Testing Materials has sanctioned the determination of vanadium without removing 
chromium. In this case, after the removal of the ether in the above procedure, add 
25 ml of concentrated sulfuric acid and evaporate to fumes. Cool, add 25 ml of 
water and a slight excess of 2.5 per cent permanganate solution. Add 15 ml of 
concentrated hydrochloric acid, again evaporate to fumes, cool, dilute to 150 ml, 
and titrate with permanganate at 60°. 

Campagne^ showed that good results can be obtained by reducing the vanadium 
by evaporation with hydrochloric acid when not more than 0.1 g of vanadium is 
present. The reduction with sulfurous acid, as in the preceding method, is safer. 


i Compt. rend., 137, 570 (1903). 
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GROUP IV OF CATIONS 

CALCIUM, STRONTIUM, BARIUM 

Calcium, Ca. At Wt. 40.08 
Fonns: CaO, CaC 204 ‘H 20 , CaCOs, CaS 04 

1. Determination as Calcium Oxide (Lime), CaO 

For the determination of calcium as CaO, it is best precipitated as the oxalate and 
converted to the oxide by strong ignition. The solution should contain no other 
cation besides magnesium and alkalies. Enough ammonium salt should be present 
to prevent the precipitation of Mg(OH )2 upon adding ammonium hydroxide. 

Procedure. Heat the dilute, slightly acid solution to boiling and 
add a slight excess of hot ammonium oxalate solution. Slowly neu- 
tralize with ammonium hydroxide, while stirring, and allow the pre- 
cipitate to settle for about 4 hours. Add a little more ammonium 
oxalate to make sure that the precipitation is complete. Decant off 
the clear liquid through a filter, cover the precipitate with boiling water 
containing ammonium oxalate,^ allow to settle, filter, and repeat this 
washing by decantation 3 times. Finally transfer the precipitate 
to the filter and wash with a hot, very dilute solution of ammonium 
oxalate, until free from chloride. Place the moist filter in a platinum 
crucible and ignite carefully. Heat the precipitate cautiously at first, 
so that the too rapid evolution of carbonic oxide will not cause loss. 
After the filter is burnt and the precipitate is perfectly white, cover the 
crucible and heat strongly over a M4ker burner or blast lamp for 20 
minutes. 

Allow the crucible to cool to about 100° in the air and then for 15 
minutes in a desiccator. Weigh as CaO. Heat for another 10 minutes 
over the M6ker burner to make sure that all the calcium carbonate 
has been decomposed and again weigh. 


1 T. W. Richards found that the calcium oxalate precipitate is appreciably sol- 
uble in pure water but practically insoluble in a dilute solution of ammonium oxalate 
(Z. amrg, Chem., 28, 85 (1901)). 
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During the ignition, the following reactions take place: 

(1) CaC 204 CaCOa CO (at dull redness) 

(2) CaCOa — ► CaO -f CO 2 (at about 1000°) 

Remarks. With an ordinary Bunsen burner and an open crucible but little 
calcium oxide is formed. It is difficult to convert the precipitate completely to 
oxide if a porcelain crucible is used but if loss of heat by radiation is partly stopped 
by covering the platinum crucible, it is possible to convert 0.5 g of calcium carbonate 
to oxide by heating 1 hour over a Tirrill burner. 

Calcium oxide is hygroscopic but when strongly ignited there is no difficulty in 
weighing it provided that the above directions are followed. It is never safe to assume 
that the first weight is correct, however. If the cold crucible and its contents appar- 
ently gain weight rapidly while on the balance pan, it is probable that a little cal- 
cium chloride is present, owing to incomplete washing of the precipitate. This can 
be removed by moistening several times with ammonium carbonate and heating 
after each addition of carbonate. 

Sometimes a little calcium sulfate is formed by allowing the gas flame to enter 
the crucible. This is not a serious source of error with the illuminating gas of most 
American cities. 

If both solutions are not boiling hot during the precipitation, the calcium oxalate 
forms very fine crystals j it then settles very slowly and passes readily through the 
filter. ^ 

Calcium oxalate is inappreciably soluble in water and dilute acetic acid contain- 
ing dissolved ammonium oxalate, but readily soluble in mineral acids. One liter of 
pure water dissolves 10 mg of cahaum oxalate. 

"i'he precipitate, when formed in a boiling solution, corresponds to the formula 
CaC 204 Tl 20 . It can be weighed in this form after drying at 100-106® or after wash- 
ing with alcohol and ether. Before washing with alcohol, the precipitate must be 
washed well with hot water. One of the best ways to handle the precipitate is to dis- 
solve it in acid and titrate with permanganate (see Chapter XV). 

2. Determination of Calcium as Sulfate, CaS 04 

This method is chiefly used in the analysis of calcium salts of organic 
acids or for the conversion of calcium oxalate to sulfate in a porcelain 
crucible. For this purpose heat the calcium salt in a weighed crucible 
until the organic matter is destroyed. Then cover the crucible with a 
watch glass, add some dilute sulfuric acid, and heat upon the water 
bath until there is no longer any evolution of carbon dioxide. Wash 
off the under side of the watch glass and evaporate the liquid as far as 
possible on the bath. Then carefully expel excess of sulfuric acid by 
inclining the crucible and heating over the free flame (or in an air 
bath). Ignite gently and weigh. By strong ignition calcium sulfate 
loses SOa.^ 

' After heating for 1 hour to dull redness, 0.2052 g CaS 04 remained unchanged in 
weight, but on heating with the full flame of a Teclu burner it lost 0.0004 g in weight. 
On heating for 1 hour over the blast lamp it lost 0.0051 g. (J. Weber.) 
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Calcium may also be precipitated as calcium sulfate. Treat the 
neutral solution containing about 0.1 g of calcium in 25 ml with 2 ml 
of 6 iV sulfuric acid, add 4 volumes of alcohol, and allow the mixture 
to stand 12 hours. Filter, wash with 70 per cent alcohol, gently ignite 
in a crucible, and weigh. 

3. Determination of Calcium as Carbonate, CaCOs 

Only rarely is calcium precipitated as carbonate by ammonium 
carbonate in the presence of ammonia. Gently ignite the filtered and 
washed precipitate and weigh as carbonate. After weighing, moisten 
the residue with a little ammonium carbonate solution, evaporate to 
dryness on the water bath, and again ignite gently. This is done in 
order to change small amounts of calcium oxide, which may have been 
formed during the burning of the filter paper, back to carbonate. 

In the presence of considerable ammonium chloride the precipitation 
of calcium by means of ammonium carbonate is never complete whereas 
the precipitation with ammonium oxalate always is. 

If a calcium oxalate precipitate is ignited to constant weight in a 
porcelain crucible at a temperature ranging from 675® to 800°, while a 
current of dry carbon dioxide is constantly being led into the crucible, 
the precipitate is converted into calcium carbonate.^ To obtain a 
suitable temperature range, heat the precipitate in a 30-ml Gooch 
crucible, covered with a Rose crucible cover and resting in a 15-ml 
porcelain crucible which is heated with the full heat of a Bunsen burner’ 
Under these conditions potassium iodide (m.p. 685°) should melt in the 
Gooch crucible and potassium chloride (m.p. 790°) should not. Heat 
the crucible slowly at first to dry the precipitate and then with the full 
heat of the burner for 15 minutes, continuing the current of carbon 
dioxide until the crucible is nearly cold. 

STRONTIUM, Sr. At. Wt. 87.63 
Forms: SrS 04 , SrCOs, SrO 

The determination as the sulfate is the most accurate, 

Determination of Strontium as Sulfate, SrS 04 

Procedure. To 100 ml of the neutral solution containing not more 
than 0.5 g of strontium add 5 ml of 6 iV sulfuric acid and as much 
alcohol as there is volume of solution. Stir well, allow the mixture to 

1 H. W. Foote and W. M. Bradley, J, Am. Chem. Soc.f 48, 676 (1926). 
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stand 12 hours, filter and wash, at first with 50 per cent alcohol to 
which a little sulfuric acid has been added, and finally with pure alcohol 
until the wash water no longer gives the sulfuric acid reaction. Dry, 
ignite, cool, and weigh. 

Remarks. Only about 0.014 g of SrSOi dissolves in 100 ml of pure water. The 
addition of a little sulfuric acid decreases the solubility, but if too much acid is added, 
the precipitate dissolves appreciably. 

It is very soluble in concentrated sulfuric acid and appreciably soluble in dilute 
hydrochloric and nitric acids, acetic acid, and in concentrated solutions of mag- 
nesium or alkali chloride. 

If considerable acid is present it should be removed by evaporation. 

Determination of Strontium as Oxide, SrO, or as Carbonate, SrCOa 

Precipitate the strontium as carbonate, or as oxalate, and change by 
ignition to the oxide as described under “ Calcium.’’ 

Strontium carbonate is decomposed by heat with more difficulty than 
calcium carbonate, and the determination as carbonate is very satis- 
factory. It is advisable to treat the precipitate as described under 
“ Calcium,” although it is usually unnecessary to heat with additional 
ammonium carbonate. 

Solvbility of Strontium Carbonate in Water according to Fresenius 

At ordinary temperatures, 18,045 parts of water dissolve 1 part of SrCOs. In water 
containing ammonium carbonate the salt is much less soluble; on the other hand, 
ammonium chloride and ammonium nitrate increase its solubility. If calcium, 
strontium, magnesium, and alkali salts are present together, as in minerals and in 
mineral waters, the calcium and strontium are both precipitated as oxalates and 
transformed by ignition into the oxides. Cf. pp. 244, 246. 

Solubility of Strontium Oxalate in Water 

At ordinary temperatures, 12 1 of water dissolves 1 g of SrCa 04 * 2 iHi 0 . The 
solubility is very much less in water containing ammonium oxalate. 

BARIUM, Ba. At. Wt. 137.36 
Forms: BaS 04 , BaCr 04 
1. Determination as Bariiun Sulfate 

Dilute the solution so that it contains not more than 0.15 g of barium 
per 100 ml. Make slightly acid with hydrochloric acid, heat to boil- 
ing, and add a slight excess of hot, normal sulfuric acid. Use about 
3 ml of normal acid for each 100 ml of solution. After the precipitate 
has settled, add a little more sulfuric acid to make sure that the pre- 
cipitation is complete. After allowing to stand for an hour or more in a 
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warm place, decant the solution through a filter and wash 4 times by 
decantation with 50-ml portions of hot water containing a few drops of 
sulfuric acid. Finally transfer the precipitate to the filter and wash 
with hot water till free from acid. Ignite the wet precipitate and filter 
in a platinum or porcelain crucible. Do not heat over the blast lamp 
or M^ker burner, because barium sulfate is decomposed at about 900°. 
Cool in a desiccator and weigh as BaS 04 . 

The precipitate usually contains a little chloride and the results are 
likely to be somewhat low. Sometimes a low result is caused by too rapid 
combustion of the filter which causes the formation of barium sulfide. 
To correct both of these errors, moisten the precipitate with a few drops 
of 18 N sulfuric acid, carefully evaporate off the acid, gently ignite, 
and weigh again. Repeat the treatment until two successive weigh- 
ings agree within 0.3 mg. 

Remark. It is difficult to get pure precipitates of barium sulfate.' One liter of 
pure water dissolves only about 3 mg of barium sulfate, and it is even less soluble in 
water containing a little sulfuric acid. It is appreciably soluble in solutions con- 
taining more than 1 ml of 6 N mineral acid per 100 ml and is very soluble in concen- 
trated sulfuric acid. A full discussion of the problem of producing pure precipitates 
of barium sulfate is given under ** Sulfuric Acid'’ in Chapter XI. 

The formation of a little barium sulfide during the ignition of the precipitate does 
not usually cause error, for it is easily roasted back to sulfate by heating the inclined 
crucible with a small flame at the back so that there is ready access of air into the 
crucible. 

2. Determination of Barium as Chromate 

Dilute the neutral solution, containing not more than 0.4 g of barium, 
to 200 ml, add 10 drops of 6 iV acetic acid, heat to boiling, and slowly 
add a slight excess of ammonium chromate solution. Prepare the 
reagent by dissolving 12.5 g of ammonium dichromate in 100 ml of 
water and adding ammonium hydroxide until the color is a clear yellow. 
Allow the precipitate of barium chromate to settle, and make sure that 
the precipitation is complete by adding a little more reagent. When 
cold, filter through a Gooch or Munroe crucible and wash with hot 
water until 20 drops of the filtrate give scarcely any reddish brown 
coloration with a neutral solution of silver nitrate. Dry the precipitate 
in the hot closet, and then heat within a larger porcelain crucible (cf. 
p. 31) until the precipitate becomes a bright yellow.^ Cool and weigh 
as BaCr 04 . 

' Cf. M. J. van’t Krys, Z. anal. Chem.j 1910, 393j 

* Often some of the precipitate is reduced to chromic oxide by traces of organic 
matter, whereby it appears slightly greenish. By long-continued ignition in an 
open crucible the chromic oxide is changed back to chromate, and the precipitate 
appears a homogeneous yellow throughout. 
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Solubility of Barium Chromate^ 

The solubility product of barium chromate at room temperature is 2.0 X 10"^®, 
which means that the saturated solution contains about 3.5 mg BaCrOi per liter. 
The salt is about four times as soluble in boiling water. This solubility is somewhat 
greater than that of barium sulfate, whose solubility product is 1.0 X 10“»°. Barium 
chromate is somewhat more soluble in solutions of ammonium acetate or ammonium 
nitrate but it is much less so in solutions containing ammonium chromate. 

The second hydrogen of H 2 CK )4 has an ionization constant of 1.0 X 10"^. For 
this reason, barium chromate unlike barium sulfate dissolves readily in dilute mineral 
acids and 1 1 of 10 per cent acetic acid dissolves 0.055 g BaCrOi. 


Separation of the Alkaline earths from Magnesium 
AND from the Alkalies 

I. Separation of Calcium from Magnesium (and Alkalies) 

The separation of calcium from magnesium depends upon the different solubilities 
of the two oxalates. Less than 0,2 mg of CaCjO. HjO is dissolved by 1 liter of hot, 
0.25 per cent ammonium oxalate solution, but the same quantity of hot water wiU 
dissolve 1 g of MgCaO.-2HjO. Twenty grams of (NH.laCjO. HjO will not interfere 
with the complete precipitation of calcium but. even in the ^ calcium, wOl 

prevent precipitation of Mg++ when as much as 2.7 g of MgCli-6H,0 is present in 

100 ml of solution.* ^ 

It has been known for a long time that, when calcium oxalate is precipitated in the 

presence of magnesium ions, particularly when the solution hi^ tn the 

time in contact with the precipitate, some magnesium is ^ ^ 
precipitate. This has been attributed to the formation of a solid solution of m^ne- 
Lm oxalate in calcium oxalate, to adsorption or occlusion of magnesium oxaUte,^ 
or to the gradual breaking down of a supersaturated solution of ma^esium 
Cthis mason it is quite generally believed that 

formed in the presence of magnesium ions is rarely, if ever, pure,* and it is 

customary to Lr off the precipitate, redissolve it in acid, and repr^te when- 
4 .V, TifoTif nf TTiRirnesium amounts to more than a few milligrams. Bach 
^d W Fresenius.- however, have apparently proved that Richards’ was right in 
^rting that the separation is accurate if the proper conditions are maintain^ 

^mthe mecipitation of small quantities of calcium in the presence of much ma^^ 
l^ortneprecipibuti nrooosed. (1) The calcium oxalate is formed m 

Slum, three me o s filtered off dissolved, and reprecipitated a second 

rK cl urn in ‘he prLnce of ammi. 

Sm“Ssrronlf i S: ™ ^ ammonium oxalate over that required by the 

•Cf.P.Schweiser, Z. and. Chem.. 1890. p. 414, and R ^®®®nms P-^^®- 

. Bobtelsky and Malkowa^anowski Z. 40, 

. T. W. Richards, Z. anorg. f ' 

* W. M. Fischer, Z. and. Chem., 16^ 02 (1926). 

‘ Cf. LundeU and Knowles, J. Am. Cerarmc Soc., 10, 834 (19 ). 

• Chem. Ztg., 49, 514 (1926). 

» hoc. cU. 
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calcium. (3) The calcium oxalate is precipitated in 100 ml of solution by the addi- 
tion of 20 g of ammonium oxalate; the hot solution is filtered off after standing a short 
time, and no attention is paid to any precipitate of magnesium oxalate that forms in 
the cold filtrate after some time. When the last method is used, the excess ammo- 
nium salts must be removed before attempting to precipitate MgNH4P04*6H20. 

Procedure. Dilute the slightly acid solution with hot water so 
that not more than 0.3 g of either calcium or magnesium is present in 
300 ml. Add 10 g of ammonium chloride, if not already present, heat 
to 80-90°, and slowly add, while stirring, an aqueous solution of 2 g 
of (NH4)2C204*H20. Add ammonium hydroxide until the solution is 
slightly ammoniacal and allow the solution to stand an hour, but not 
much longer, before filtering. Filter, wash with hot water, and continue 
as described under “ Calcium/*' 

n. Separation of Strontium from Magnesium 

This separation finds practical application in the analysis of almost all mineral 
waters and of minerals containing strontium. In all these cases, however, stron- 
tium occurs in relatively small amounts in the presence of large amounts of calcium 
and varying amounts of magnesium, so that it is a question, first, of separating 
calcium and strontium from magnesium. This separation is effected by the precipi- 
tation of the calcium and strontium as oxalates as described on p. 244. 

The filtrate containing magnesium may also contain traces of strontium. Re- 
move ammonium salts by evaporating to dryness and heating the residue, dissolve 
this in hydrochloric acid, add sulfuric acid and alcohol, and allow the solution to 
stand for 12 hours. Filter off any resulting precipitate, consisting of strontium 
or barium sulfate, and weigh. From this filtrate precipitate the magnesium as 
magnesium ammonium phosphate as described on pp. 255-269, and weigh as the 
pyrophosphate or as MgNH4P04*6H20, 

ni. Separation of Barium from Magnesium 

If it is desired to separate only barium from magnesium, make the solution acid 
with hydrochloric acid, heat to boiling, and precipitate the barium by the addition of 
boiling, dilute sulfuric acid (cf. p. 247). A large excess of sulfuric acid must be avoided. 
Precipitate the magnesium in the filtrate as magnesium ammonium phosphate in 
the usual way. 

In most cases, however, a separation of barium, strontium, and calcium from the 
magnesium is involved. Precipitate the three alkaline earths as oxalates as de- 
scribed for the separation of calcium from magnesium. A few milligrams of barium 
will escape precipitation. To recover this, add a little ammonium sulfate to the hot 
solution, filter, wash, and weigh as BaSOi. In the filtrate, determine the magnesium 
as pyrophosphate or as MgNH4P04*6H20 (pp. 256-259). 

IV. Separation of the Alkaline Earths from One Another 

Principle. The mixture of the dry nitrates is treated with ether-alcohol, which 
dissolves calcium nitrate alone. The residue is taken up in water, the barium is 
precipitated as chromate, and the strontium is determined in the filtrate as sulfate. 
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(a) Separation of Calcium, Strontium, and Barium according 
to Rose-Stromeyer-Fresenius 

Procedure. The three metals are assumed to be present together in 
solution in the form of their nitrates. U.vaporate the solution in a small 
Erlenmeyer flask, as described under “ Lithium,” p. 2cS4, while piussing a 
stream of dry, warm air through the flask. When all the water is evapo- 
rated, raise the temperature of the oil l)ath to 140° and maintain this 
temp>eraturc for 1 to 2 hours, still passing the current of warm air through 
the flask. Cool, treat the dry residue with 10 times its weight of abso- 
lute alcohol, stopper the flask, and allow it to stand with frequent shaking 
for 1 to 2 hours. Add an equal volume of ether, close the flask, shake, 
and allow it to stand 12 hours. Filter thro\igh a filter moistened with 
ether-alcohol and wash with eth(‘r-alcohol until a few drops of the filtrate 
evaporated on platinum-foil leave no residue. 

Evaporate the filtrate to dryness on a lukewarm water bath, dissolve 
the calcium nitrate in water, precipitate as the oxalate, and, after igni- 
tion, weigh as the oxide. 

Remark. If only a small amount of calciuin is present (not more than about 0.5 g) 
the above separation is complete. With large amounts of calcium, the residue of 
strontium and barium nitrates almost always contains some calcium. In this case 
evaporate the aqueous solution again to dryness in the same way as before and 
repeat the treatment with alcohol and ether. Determine the calcium in the com- 
bined filtrates. 

(b) Separation of Barium from Strontium according to Fresenius* 

Requirements. 1. Ammonium chromate .solution. Dissolve 100 g of ammo- 
nium dichromate (free from sulfate) in 500 ml of water, add 1 35 ml of 6 N ammo- 
nium hydroxide solution, filter if necessary, and dilute to 1 1. 

2. Ammonium a(;etate solution. Dissolve 231 g in 1 1 of water, or mix equal 
volumes of 6 A acetic acid and 6 N ammonia, leaving the solution slightly ammoniacal 
rather than acid. 

3. Acetic acid, 6 Ni 

4. Nitric acid, 2 A; 

Procedure. Dissolve the residue of strontium and barium nitrates 
obtained after the above treatment with ether-alcohol in a little water 
and dilute the solution until the concentration corresponds to about 
1 g of mixed nitrates in 300 ml, heat to boiling, add 10 drops of acetic 
acid and about 10 ml of ammonium chromate solution (this should be an 
excess over the theoretical amount necessary), and allow to stand 1 
hour. Wash the precipitate of barium chromate by decantation, with 


> Z. anal. Chem., 29 , 427 (1890); 44 , 742 (1906). 
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water containing 25 ml of ammonium chromate solution per liter, until 
the wash water no longer gives a precipitate with ammonia and ammo- 
nium carbonate; then wash with hot water containing 25 ml of 
ammonium acetate solution per liter until the last washing gives only a 
slight reddish brown coloration with neutral silver nitrate solution. 

The precipitate on the filter still contains a little strontium. Care- 
fully wash it back into the vessel in which the precipitation took place, 
and dissolve any precipitate remaining on the filter in a little hot 2 N 
nitric acid, allowing it to run through the filter vessel containing the 
precipitate. Wash the filter with hot water till free from acid. Heat 
the precipitate till it dissolves in the dilute nitric acid (about 6 ml is 
usually sufficient). Dilute the solution to 200 ml, heat to boiling, 
add 5 ml of ammonium acetate solution, little by little, and finally 
enough ammonium chromate solution to cause the disappearance of 
the odor of acetic acid from the solution (usually about 10 ml is neces- 
sary). After it has stood for 1 hour pour the liquid through a Gooch 
crucible, cover the residue in the dish with hot water, allow to cool, filter 
and wash with cold water until the filtrate gives only a slight opalescence 
with neutral silver nitrate. Dry the precipitate, ignite gently in an 
air bath (cf. p. 31), and weigh as BaCr 04 . 

Add 1 ml of 6 A nitric acid to the filtrate, concentrate somewhat, and 
precipitate the strontium as carbonate by the addition of ammonia and 
ammonium carbonate. The precipitate always contains some stron- 
tium chromate. Wash it once with hot water, dissolve in hydrochloric 
acid, and determine the strontium as sulfate, according to p. 246. 

The results obtained according to this method arc very satisfactory. 

(c) Separation of Calcium, Strontium, Barium, and Magnesium by the 
Method of E. H. Swift^ 

Instead of removing the calcium first by treatment with alcohol and ether, the 
barium is precipitated first as chromate from a dilute acetic acid solution which is 
buffered with ammonium acetate. Then, by making the solution ammoniacal, the 
strontium is precipitated as chromate and in this filtrate the calcium is precipitated 
as oxalate. If magnesium is present, it is found in the last filtrate and can be precipi- 
tated as magnesium ammonium arsenate. The procedure is easier to carry out than 
the separation by means of alcohol and ether, and the results are, on the whole, more 
satisfactory. 


1 The method is based on the work of W. C. Bray (J. Am. Chem. Soc., 31, 611 
[1909]). It is similar to the qualitative procedure which was described in the first 
volume of this book. The method has bwn modified by E. H. Swift in his System of 
Chemical Analysis as a result of experiments made at the California Institute of 
Technology. 
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Precipitation of Barium. To the dilute acid solution, such as is 
obtained by dissolving the carbonates of barium, strontium, calcium, 
and magnesium in nitric acid, add strong ammonia until the solu- 
tion reacts basic and then add nitric acid dropwise until the solution 
is barely acid to litmus. Evaporate, without boiling, to about 35 ml, 
add exactly 1 ml of 6 acetic acid from a 1-ml pipet and 10 ml of neutral 
3 N ammonium acetate solution. Heat nearly to boiling and, while 
shaking, add dropwise sufficient K2Cr04 solution (292 g per liter) to 
impart a yellow color to the solution; 3 ml of the reagent is sufficient for 
500 mg of Ba. Allow the precipitate of BaCr04 to settle completely 
and then filter. If there is much precipitate, keep as much of it as 
possible in the flask and wash with three 10-ml portions of hot water. 
Reserve the filtrate for the determination of strontium, calcium, and 


magnesium. 

Dissolve the precipitate in 7-15 ml of cold 3 N HCl poured through the 
filter into the flask in which the precipitation took place. When all the 
precipitate in the flask has dissolved, wash the filter with several small 
portions of hot water, added at the top of the filter. Add 1 ml more of 
the K2Cr04 reagent; add ammonia dropwise until the color changes from 
orange to yellow and then 2 ml more. Add 6 N acetic acid until the 
original orange color returns, heat nearly to boiling, allow the precipitate 
to settle, and decant through a filter after 5 minutes. Wash the precipi- 


tate with four 5-ml portions of hot water. 

Determination of Barium. Dissolve the precipitate in just 10 ml of 
cold 6 N HCl added dropwise to the top of the filter and running into 
the flask which contains the bulk of the BaCr04 precipitate. Wash the 
filter with four 10-ml portions of water. Break up the precipitate and 
swirl the solution until the precipitate dissolves, add 2-3 g of KI, allow 
to stand in the dark for 5 minutes, and then titrate the liberated iodine 
with 0.1 N Na2S203 (see “ lodimetry in Chapter XV). 

Precipitation of Strontium. To the combined filtrates from the two 
BaCr04 precipitations, which should be reduced if necessary to a volume 
of 60 ml add strong ammonia until the color changes from orange to 
yellow and 5 ml in excess. Add 3 ml more of the K2CrO 4 reagent cool, 
and to the cold solution add 30 ml of 95 per cent ethyl alcohol If more 
than 100 mg of strontium is present add 3 ml more of the K2Cr04 
reasent and 10 ml more of alcohol. Let the mixture stand 10 minutes 
and then decant the solution through a filter. Without washing the 
precipitate dissolve it in 5-10 ml of hot 6 N acetic acid and wash the 
filter with hot water. Neutralize the solution vnih ammonia and add 
2 ml of concentrated ammonia in excess. Dilute to 30 ml; ^d 2 nil 
more of the KjCrOi reagent and 20 ml of 95 per cent ethyl alcohol. 
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Filter after allowing to stand for 30-60 minutes. Wash the precipitate 
with a mixture of 1 ml concentrated ammonia and 10 ml of 50 per cent 
alcohol, added in small portions. Save the combined filtrates for the 
determination of calcium and magnesium. 

Determination of Strontium. Dissolve the SrCr04 precipitate on the 
filter in 3-5 ml of 6 iV acetic acid and catch the solution in the flask 
which contains the bulk of the light yellow precipitate. Wash the filter 
with 10-20 ml of hot water. Heat the acid in the flask until the SrCr04 
precipitate dissolves, dilute to 50 ml, and heat to boiling. 

To the boiling solution add 3-5 ml of 3 K2C2O4 solution, make 
slightly ammoniacal, and add 5 ml of ammonia in excess. Boil very 
gently for 5 minutes', cool, and allow the SrC204*H20 precipitate to 
settle. Decant the solution through a filter and wash the precipitate 
with 5-ml portions of hot 0.6 N NH4OH solution. Dissolve the precipi- 
tate in 50 ml of hot 3 N HCl and wash the filter with 50-75 ml of hot 
water. Titrate the oxalic acid at 70-80° with 0.1 KMn04 after add- 
ing 10 ml of the Zimmermann-Reinhardt preventive solution.” (See 
Chapter XV.) 

Precipitation of Calcium. Precipitate the calcium in the filtrate from 
the SrCr04 precipitation as described on p. 244. The determination 
can be finished as described there or the oxalic acid can be titrated with 
KMn04 after dissolving the CaC204‘H20 in dilute sulfuric acid as de- 
scribed under “ Determination of Calcium ” in Chapter jftV. ^ 

Determination of Magnesium. Magnesium can be determined in the 
filtrate from the CaC204*H20 precipitate as described on p. 257 or 259, 
but if it is preferred to determine the magnesium by titration it can be 
precipitated as MgNH4As04‘6H20. 

To the filtrate from the calcium oxalate precipitation, add 10 ml of 
concentrated ammonia and 10-25 ml of a solution containing 312 g of 
Na2HAs04*7H20 per liter. Allow the precipitate to settle over night. 
Filter and wash the MgNH4As04*6H20 precipitate with 1.2 iV NH4OH 
until a 5-ml portion of the wash water gives no precipitate upon the 
addition of 1 drop of N Ca(N03)2 reagent. 

Dissolve the precipitate in 20-50 ml of 6 AT HCl. If more than 50 mg 
of Mg is present, dilute the solution with 6 N HCl to exactly 100 ml in a 
volumetric flask. Mix and take a portion of the solution containing 
30-40 mg of Mg for further analysis by means of a pipet or buret. To 
the solution in a glass-stoppered bottle add not more than 1 g of solid 
NaHCOs in small portions and 1 g of KI. Allow the contents of the 
stoppered flask to stand 5 minutes, add 3-5 ml of CCI4, and titrate very 
slowly with 0.1 A Na2S208 until, after shaking, no iodine is present in 
the CCI4, as shown by the absence of color. 
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This titrimetric determination of magnesium is based on the reduction of arsenate 
to arsenite. The reduction by means of potassium iodide takes place completely 
only when the solution is about 6 A in HCl. The solution must be titrated slowly 
as there is some danger of the strong acid reacting with sodium thiosulfate to form 
sulfurous acid and sulfur; the sulfurous acid then reacts with twice as much iodine 
as the original thiosulfate does. The addition of the sodium bicarbonate is to pr^ 
vide an atmosphere of CO 2 and prevent oxidation of the iodide by atmospheric 
oxygen. There is some danger that a precipitate of red Aslj may form if much KI 

is added. • 1 x * 

In the final titration, 1 ml of 0.1 A Na 2 S 20 , reacts with arsenic acid equivalent to 

0.001216 g Mg or 0.002016 g MgO. 



CHAPTER V 
GROUP V OF CATIONS 

MAGNESIUM, POTASSIUM, SODIUM, LITHIUM, AND AMMONIUM 

Magnesium, Mg. At. Wt. 24.32 
Forms: MgS04, MgaPiOr, MgNH4P04*6H20, Mg(C8H6NO)2 

(a) Determination as MgS04 

This method for the determination of magnesium can always be 
employed when the magnesium is combined with an acid which can be 
volatilized by heating with sulfuric acid, and when no basic constituent 
other than ammonium and magnesium is present. 

Place 0.5 g of the substance in a crucible and add about 2 ml of con- 
centrated sulfuric acid. Substances which react violently with con- 
centrated H2SO4 should be first treated with water, and dilute sulfuric 
acid added little by little. Evaporate on the water bath as far as 
possible; dry at 110-120°; and remove the excess of sulfuric acid by 
cautiously heating the crucible, held in an inclined position, over a free 
flame. Finally, heat the dry mass just to redness in a covered crucible, 
cool in a desiccator, and weigh as quickly as possible, as the anhydrous 
magnesium sulfate is hygroscopic. 

(b) Determination as Magnesium Pyrophosphate 

This, the most important of all the methods for the determination 
of magnesium, is always applicable and depends upon the following 
principles : If the solution of a magnesium salt is treated with an alkali 
orthophosphate solution in the presence of ammonium chloride and 
ammonia, the magnesium is completely precipitated as magnesium 
anunonium phosphate, MgNH4P04*6H20, which by ignition is changed 
to magnesium pyrophosphate: 

2MgNH4P04*6H20 = 2NH8 + I 3 H 2 O MgaPaOr 

Formerly it was common practice to precipitate magnesium ammonium phos- 
phate in the cold. Neubauer^ showed, however, that this sometimes leads to high 

* Z. angew. Chem.f 1896, 439. See also Gooch and Austin, Z. anorg. Chem.f 20, 121; 
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results and at other times the results are low. They are low when the precipitation 
takes place in strongly ammoniacal solutions containing but little ammonium salts, 
particularly when the phosphate solution is added slowly. Tribasic magnesium 
phosphate, Mg8(P04)2, contaminates the precipitate. On the other hand, the results 
are too high if the precipitation takes place in neutral or slightly ammoniacal solu- 
tion in the presence of considerable ammonium salts. In this case more or less 
monomagnesium ammonium phosphate, Mg(NH4)4(P04)2, is formed. This com- 
pound is changed to magnesium metaphosphate by gentle ignition 

2Mg(NH4)4(P04)2 = 2Mg(PO,)2 + 8NH, + 4 H 2 O 

Sometimes, when considerable ammonium salt is present, no precipitation takes 
place on the addition of the ammonia, but usually the precipitate will appear after 
standing over night in the presence of 2.5 N NH 4 OH, which is the approximate 
concentration obtained by following the above directions. Besides the treatment de- 
scribed on p. 266, three other methods can be recommended for removing ammonium 
salts. (1) Evaporate the solution to dryness in a porcelain casserole, and heat the 
dry residue until no more vapors of ammonium salt are evolved. Cool, moisten 
the residue with 5 ml of 6 iV hydrochloric acid, heat till basic salts are dissolved, dilute 
to about 25 ml, filter and wash the filter with hot water until free from chloride. 
Add 5 ml of concentrated hydrochloric acid and some alkali phosphate. Dilute the 
solution to about 125 ml, heat nearly to boiling, and neutralize with ammonia as 
directed on p. 258. (2) Evaporate the solution to dryness after adding some nitric 

acid. To the residue add 25 ml of water, 50 ml of concentrated nitric acid, and 
15 ml of concentrated hydrochloric acid, and again evaporate to dryness.^ By 
this treatment with aqua regia, ammonium salts are oxidized to nitrogen. Finally 
treat this residue with 5 ml of 6 iV IICl and 20 ml of water. Heat for a few minutes 
to dissolve basic salts and filter into a 250-ml beaker. Wash the filter with hot 
water till free from chloride, add 5 ml of concentrated hydrochloric acid, dilute to 
125 ml, add 1.2 g of diammonium phosphate, and precipitate with ammonia as 
described on p. 258. (3) To the neutral solution add 5 g of sodium acetate and an 

excess of bromine water. Heat carefully, and add more bromine until finally all 
the ammonium salt is oxidized. The reaction 

2NH4+ + 3Br2 + 8C2H302“ N, + 6Br” -f SHCaHjO, 

will take place provided that sufficient sodium acetate anion is present to keep the 
solution buffered. 


Method of B. Schmitz^ 

If the original volume is over 300 ml it is well to concentrate the 
acid solution by evaporation on the hot plate. If the solution is acci- 
dentally evaporated to dryness, moisten the residue with 5 ml of 6 AT 
hydrochloric acid and enough water to dissolve ammonium salts, 
which are always present when the magnesium is determined in the 
filtrate from the precipitation of calcium oxalate. If a clear solution is 
not obtained, heat to boiUng and filter if necessary. Wash the pre- 

^ J. Lawrence Smith, Am. J . Sci., 16, 94 (1853). 
anal. Chem., 66, 46 (1924). 
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cipitate (usually a little silica from the glass) once with 2 N hydrochloric 
acid and then with hot water till free from chloride. 

To the acid solution add 5 g of ammonium acetate, an excess of 
ammonium phosphate, and a few drops of phenolphthalein solution. 
Heat the solution to near the boiling point and then slowly add 1.5 iV 
ammonia water until a faint pink color is obtained and a slight precipi- 
tation takes place. Stir well for about a minute, touching the sides 
of the beaker as little as possible. When the precipitate has become 
distinctly crystalline, add more ammonia until a deep color is obtained 
with the phenolphthalein. Allow the solution to cool, then add one- 
fifth the solution’s volume of concentrated ammonium hydroxide and 
allow to stand at least 4 hours, preferably over night. 

Filter into a weighed Gooch crucible. Wash the precipitate with 
1.5 N ammonia until free from chloride, and finally moisten it with 4-5 
drops of a saturated solution of ammonium nitrate in 1.5 W ammonia. 
Igmte very slowly, gradually increasing the heat until the precipitate 
is white. After cooling, weigh the Mg 2 P 207 : 

2MgNH4P04 = 2 NII 3 + H 2 O + MgsPsOr 

From the weight of the latter, the content of magnesium or of mag- 
nesium oxide can be calculated. 

The precipitate can be filtered upon an ashless filter paper, but the 
ignition must always be gradual, in order to obtain perfectly white pyro- 
phosphate. By rapid ignition, some of the phosphoms is reduced by 
the ammonia. This reduction is likely to injure a platinum crucible. 
Often a black precipitate can be whitened by moistening with strong 
nitric acid and carefully heating. This treatment, however, should be 
avoided by carefully igniting the precipitate. 

The precipitate has the formula MgNIl 4 P 04 - 6 H 20 when formed in cold aqueous 
solutions. It can be weighed in this form, and since it will then weigh about 2.2 
times as much as the corresponding weight of Mg 2 P 207 , a slight error in the final 
weight, such as is likely to occur in igniting the precipitate, has less effect upon the 
final result. Above 60®, the stable form is MgNH 4 P 04 H20, and it can be weighed 
as such after drying for an hour at 100® with fairly satisfactory results. 

To weigh the precipitate with its six molecules of water, proceed as above but 
omit the treatment with ammonium nitrate solution. For filtering use a Gooch 
crucible which has been washed with alcohol and ether, as described below, and 
weighed. 

After removing all soluble salts by washing with 1.5 N ammonia, wash the pre- 
cipitate with four 5-ml portions of ethyl alcohol, draining well after each washing. 
This serves to remove nearly all the adhering water. Then wash the precipitate 
with four 5-ml portions of ether, draining after each washing and drawing air through 
the crucible for 5 minutes after the last washing. Then wipe off the outside of the 
cold crucible, allow it to stand in a desiccator for 20 minutes, and weigh. Students 
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find this method of handling the precipitate the easiest and quickest. The results 
are good. To make sure that all soluble salts have been removed, wash the weighed 
precipitate with some 1.5 iV ammonia, and then with alcohol and ether ae before. 
The new weight should agree with that first obtained. 

Method of Epperson^ 

To the neutral or slightly acid solution of magnesium chloride, con- 
taining not more than 0.1 g of MgO and having a volume of about 150 
ml, add 5 ml of concentrated hydrochloric acid and some methyl red 
indicator solution. Add 10 ml of 20 per cent (NH4)2HP04 solution 
and, while constantly stirring, concentrated ammonium hydroxide 
until the solution contains 5 ml more of this reagent than enough to 
make the solution neutral. Allow the solution to stand at least 4 hours 
or preferably over night. Filter and wash with 1 .5 A^ ammonium 
hydroxide. Dissolve the precipitate on the filter by washing it alter- 
nately with small portions of hot 1.5 AT hydrochloric acid and hot water. 
Add 1 ml of the ammonium phosphate solution and repeat the precipi- 
tation of magnesium ammonium phosphab^ as before in a volume of 
100-150 ml. Allow the precipitate to stand at least 4 hours, filter, and 
wash with 1.5 N ammonium hydroxide until free from chloride, and then 
moisten with 4 -5 drops of a saturated .solution of ammonium nitrate 
in 1.5 AT ammonium hydroxide. Ignite carefully at approximately 
500®, taking care not to let the filter paper take fire, until the precipitate 
of Mg2P207 is white, and finally at 1(X)0® to constant weight. 

By this double precipitation a normal precipitate is obtained. The 
precipitate can be weighed as MgNH4P04*H20 or as MgNH4P04'6Pl20 
(cf. p. 258). 

(c) Determination of Magnesium with 8-Hydroxyquinoline 

8-Hydroxyquinoline, for which the trivial name oxine has been proposed, has the 

110 

empirical formula HO-CgHeN and the structural formula 1 j. The hydrogen 

of the OH group is replaceable by tnetal, and precipitates are produced under suitable 
conditions when the reagent is added to solutions containing ions of magnesium, 
aluminum, copper, bismuth, cadmium, zinc, mercuric mercury, lead, antimony, tin, 
vanadium, uranium, iron, titanium, zirconium, tantalum, columbium, manganese, 
nickel, or cobalt. The reagent, therefore, is not specific for any particular ion, but 
the solubility of the various precipitates varies enough so that it can be used for 
numerous separations. None of the precipitates are formed from strongly acid 
solutions. Some of them are formed from solutions containing acetic acid and alkali 


^ Alice Whitson Epperson, J. Am. Chem. Soc.f 60, 324 (1928). 
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acetate, some from solutions which are ammoniacal, and still others from solutions 
which are made alkaline with sodium hydroxide. Magnesium hydroxyquinolinate 
is much less soluble than the corresponding calcium compound, and pure precipi- 
tates of the magnesium compound can be obtained in the presence of small quan- 
tities of calcium. The greenish yellow precipitate is crystalline, easy to handle, and 
forms somewhat more readily than does magnesium ammonium phosphate, but, 
as with that compound, large quantities of ammonium salt, especially ammonium 
oxalate, prevent its formation. The precipitate can be weighed as Mg(C9H60N)2* 
2 H 2 O after drying at 105° or without the water of crystallization after drying at 
140°. Instead of weighing the precipitate, it can be dissolved in dilute hydrochloric 
acid and titrated with KBrOs-KBr solution, in which case each atom of magnesium 
is equivalent to 8 atoms of bromine, as the following equations show : 

Mg(C»Il 60 N) 2 - 2 H 20 + 2HC1 = MgCh + 2 C 9 II 7 ON + 2 H 2 O 
C 9 II 7 ON + 2 Br 2 = CgHsONBra + 2HBr 

The Br is formed when the mixture of KBrOs and KBr comes in contact with acid: 

BrOa” + 5Br" + 6H+ = SBr^ + SlhO 

The end point of the titration can be determined with indigo carmine as indicator, or, 
as is better, an excess of the KBrOa-KBr solution can be added, whereby an excess of 
Bra is provided which will react with KI and liberate iodine which can be titrated with 

HO 

NaaSaOj (see lodimetry ”). The formula of the bromine compound is . 

Br 

The following directions for determining magnesium as the hydroxyquinolinate will 
apply to a solution from which calcium has been removed as oxalate, as in the analy- 
sis of minerals.^ 

Oxine Reagent. Dissolve 25 g of 8-hydroxyquinoline in 60 ml of glacial acetic 
acid. Dilute the solution with cold water to 2 1. One milliliter of this solution is 
equivalent to 0.0017 g of MgO. 

Procedure. To 100 ml of solution containing 10*-50 mg of magnesium 
add 2 g of NH4CI and 0.5 ml of 0.02 per cent solution of o-cresolphthalein. 
Neutralize with ammonia and add at least 2 ml of 6 iV NH4OH in excess. 
Heat to 70-80® and add the oxine solution until an excess is present as 
shown by the solution becoming deep yellow in color. Digest 10 minutes 
on the steam bath with frequent stirring. Filter through a weighed 
filtering crucible and wash with 50 ml of hot water. Dry at 105® for an 
hour, cool in a desiccator, and weigh. Repeat the heating for 0.5-hour 
periods until a constant weight is obtained. The precipitate is 
Mg(C9H6N0)2*2H20 and contains 6.988 per cent Mg or 11.56 per cent 
MgO. The use of a mechanical stirrer while the precipitate is forming 
is helpful but not absolutely necessary. 


^Redmond and Bright, Bur. Standards J. Researchf 6, 113 (1931). 
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Titrimetric Determination. Dissolve the washed pr^ipitate in 25 ml or more of 
2 N HCl in a glass-stoppered bottle. Add 1 g of KBr and 1 ml of 0.01 per cent 
methyl red solution. Titrate slowly with 0.1 AT KBrOj solution until an excess is 
present as shown by loss of color by the indicator. Add a little CCbf CHCU, or CSa 
and 2 g of KI. Titrate with 0.025 N NaaSaOj solution until, after shaking, no free 
iodine is shown to be present. 

Analysis of Limestone, Dolomite, or Portland Cement _ 

Portland cement is made by heating limestone with a clay rich in silica. The 
cement, therefore, contains the non-volatile constituents of both materials. It 
represents a silicate completely decomposable by dilute mineral acid. In the analy- 
sis of limestone, not much undecomposable silicate is likely to be present, and the 
three important determinations are: lime, CaO; magnesia, MgO; and carbon 
dioxide, CO 2 . In a commercial analysis, the residue insoluble in dilute acid is often 
weighed and called “ insoluble material the precipitate obtained with ammonium 
hydroxide is ignited and weighed as “ combined oxides ” consisting chiefly of Fe 20 j 
and AI2O3. In the analysis of portland cement the procedure is similar except that 
special care is necessary for the determination of the silica, the iron is usually deter- 
mined, the corresponding weight of Fe 203 is deducted from the ignited ammonium 
hydroxide precipitate, and the difference is called alumina. This precipitate may also 
contain a little manganese, titanium, and traces of silica and phosphoric anhydride. 
With Portland cement, the determination of carbon dioxide is unimportant but sulfate 
is usually determined because a little gypsinn is commonly used in the preparation of 
the cement, but the calcium sulfate content should be kept low and specifications are 
rigid with respect to this point. The testing of portland cement also includes certain 
physical tests in addition to the chemical analysis which alone concerns us here. 

The American Society for Testing Materials has adopted a standard set of speci- 
fications^ for portland cement, including its physical and chemical testing. The 
chemical methods recommended were tho.se formulated by a committee who made 
a special study of this analysis. The following directions are baseii upon the report 
of the committee, but the procedure has been modified slightly in minor details and 
no attempt is made to reproduce the same wording. This scheme of analysis is 
given partly because of the technical importance of portland cement and partly 
because it has proved a satisfactory procedure to place in the hands of students as 
representative of a complete analysis. 

The mode of procedure adopted by the above-mentioned committee called for 
two evaporations for the removal of the silica. In the discussion of the method, 
however, it was pointed out that, by heating the residue at 120 , not correcting for 
impurities by the hydrofluoric acid treatment and not correcting the subsequent 
precipitate formed by ammonia for small traces of silica, results are obtained which 
are within the permissible analytical error of the correct values. In fact, by this 
more rapid method, a compensation of errors takes place and the results are often 
better than if the same operator attempted to carry out the analysis with the utmost 

precision possible. * , j w 

The committee also recommended the use of platinum dishes and platinum cru- 
cibles as far as possible. The advantages gained are obvious, but the price of plat- 
inum has become so high that it is the duty of every practical chemist to avoid the 
use of platinum utensUs wherever possible. The errors introduced by using por- 


* Proc. Am. Soc. Testing Materials, 13 , 301-328 (1912). 
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celain instead of platinum aVe insignificant in most cases, although greater care must 
be taken to allow crucibles to cool before placing them in desiccators, and a longer 
time should elapse before weighing. 

The original directions call for two precipitations of the calcium and for two 
precipitations of magnesium. This is unessential in the commercial testing of port- 
land cement provided that the conditions recommended are carefully fulfilled. The 
directions apply equally well to the analysis of limestone. 

Procedure. Weigh accurately to the nearest 0.1 mg about 0.5 g of 
limestone or cement into a 250-ml porcelain casserole, cover with 40 ml 
of water, and add 20 ml of 6 iV hydrochloric acid, breaking up with 
a stirring rod any lumps that may form. Cover the casserole with a 
watch glass and digest about 15 minutes on a hot plate until the cement 
is decomposed completely. Rinse off the bottom of the cover glass with 
a little water and evaporate to dryness on the water bath. During the 
evaporation have the cover glass raised above the top of the casserole 
by means of a glass support. Heat the casserole and dry the residue 
in a hot closet at 120®.^ 

Silica. Moisten the residue with 10 ml of 6 W hydrochloric acid, 
warm slightly, and add 150 ml of water. Cover the casserole with a 
watch glass and digest 10 minutes at a temperature near the boiling 
point. Filter into a 300-ml beaker; wash twice with 2 N hydrochloric 
acid and then with hot water till free from chloride. Transfer the moist 
precipitate, and filter to a weighed porcelain crucible with the paper 
folded so that the precipitate is entirely covered. ^ Smoke off the filter 
paper at a low heat without letting the paper take fire (cf. p. 40). 
Finally ignite at the full heat of the M4ker burner until a constant 
weight is obtained of a perfectly white precipitate. Report as “ insolu- 
ble residue ” in the analysis of limestone or as silica in the analysis 
of Portland cement. 

Precipitation of Iron and Aluminum. To the filtrate and washings 
add ammonia solution until a slight ammoniacal odor persists after 
blowing away the vapors. Heat again just to boiling, and promptly 
filter off the precipitate of Fe(OH )3 and Al(OH) 3 . Wash the precipitate 
6 times with small portions of hot water. Reserve the filtrate for the 
calcium and magnesium determinations. 

1 At this temperature, the silica acid becomes dehydrated so that it is practically 
insoluble in dilute acids. The presence of the calcium chlofide from the cement 
helps the dehydration. The quantity of silica that passes into the filtrate is negligible 
and more than balanced by that obtained from the reagents and dishes. The residue 
should not be baked too hard. At higher temperatures, combination of basic mag- 
nesium salt and silicic acid takes place and alumina is made very insoluble. 

^ Dry silica is very pulverulent and easily lost if the gases from the paper escape 
too violently, as when it takes fire. 
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Sometimes the precipitate contains a little calcium carbonate from 
the carbon dioxide in the air and often a little magnesium hydroxide. 
Wash the precipitate back into the casserole, place the casserole under 
the funnel, pour 5 ml of hot 3 N hydrochloric acid on the upper edge 
of the filter, and wash the filter with a little hot water. Continue the 
treatment with acid and water until all the precipitate left on the filter 
is dissolved. Finally wash the filter with a little dilute ammonia. 
Precipitate with ammonia just as before, filter through the original 
filter, and wash this second precipitate till free from chloride. Ignite 
the second precipitate wet in a porcelain crucible and weigh as Fe203 -f 
AI2O3, neglecting the small quantities of 'ri()2, P2O5, and Mn304 which it 
may possibly contain. Unite the filtrate with that obtained from the 
first precipitate. 

In the analysis of limestone, the weight of this ])recipitate will usu- 
ally be small. The iron content will often arise from a little ferrous car- 
bonate present in the sample. Disregard this fact and simply report 
the percentage of “ coml)incd oxides present. 

In the analysis of Portland cement, the i)re(;ipitate after ignition 
should be largely AI2O3, and it is customary to regard it as AI2O3 + 
a little Fe 203 . The cpiantity of the ferric oxide should be determined by 
titration, as follows: 

Ferric Oxide. Transfer the ignitcid precipitate to a small beaker. 
Dissolve the traces that remain adhering to the crucible by heating 
small portions of 6 iV hydrochloric acid in it, finally pouring each i)or- 
tion into the beaker. Use 20 ml of acid in all. Do not at any time 
dilute the hydrochloric acid until all the iron in the beaker is diss^olved. 
Heat the acid with the iron and aluminum oxides at about 90° until 
all the iron has dissolved (cf. p. 170). When a clear solution is obtained, 
place the beaker on a filter, reduce carefully with stannous chloride, and 
determine the iron content by the Zimmermann-lleinhardt process 
(Chapter XV) . Compute the percentage of Fe203 present, and subtract 
this from the above weight of the oxides to get the percentage of AI2O3. 

Calcium Oxide. Make the combined filtrates acid with acetic acid, 
bring to a volume of about 400 ml, heat to 80-90°, and slowly add, while 
stirring 30 ml of hot 0.5 N ammonium oxalate solution. Slowly add 
ammonium hydroxide until the solution is slightly ammoniacal, and allow 
the precipitate to stand an hour, but not much longer, before filtering. 

If considerable magnesium is present in the solution, some magnesium 
oxalate will come down with the calcium oxalate. If, therefore, more 
than 10 per cent of MgO is present in the substance analyzed, it is best 
to redissolve the calcium oxalate precipitate and repeat the precipi- 
tation, using a paper filter for filtering off the precipitate. When all 
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the solution has passed through the filter, wash the precipitate with about 
15 ml of hot water. Then rinse the precipitate back into the ,original 
beaker by holding the funnel in an inverted position and directing a 
stream of hot water against it. Replace the funnel in the support and 
wash the filter with about 25 ml of hot 3 N hydrochloric acid. Heat 
the acid in a test tube, pour it upon the upper edge of the paper, and 
catch the liquid as it runs through the filter in the beaker containing 
the precipitate. Finally wash the filter with a little hot water (and with 
dilute ammonia if it is to be used again for filtering the next precipitate). 
Heat the dilute acid in the beaker and add a little more acid if necessary 
to dissolve the precipitate completely. Dilute the solution to about 250 
ml and repeat the precipitation of the oxalate at the boiling tempera- 
ture, adding ammonia and 5 ml more of the ammonium oxalate reagent. 
Since the solution already contains oxalic acid equivalent to the calcium, 
only a little more reagent is necessary. 

The calcium content of the precipitated calcium oxalate can be determined in 
various ways, all of which give good results. 

1. The filtered precipitate corresponds to the formula CaC 204 H20. It can be 
weighed in this form without difficulty because the water of crystallization is retained 
even after long heating at temperatures slightly above the boiling point of water. 

2. It can be weighed as anhydrous calcium oxalate. To accomplish this it has 
been recommended that the precipitate be heated at 200-300° for some time. 

3. It can be converted to calcium carbonate by heating to dull redness. The 
reaction 

CaC204 — > CaCOs -1- CO 

takes place at about 400°, but Foote and Bradley ^ have shown that it is safe to heat 
at 675-800° if the precipitate is in a tubulated crucible and a current of CO 2 is con- 
stantly led through the crucible while it is being heated. The common way of 
accomplishing the decomposition is to heat for some time to dull redness, cool, 
moisten with a little ammonium <;arbonate reagent, and again heat carefully until 
no more odor of ammonia is perceptible. For the first heating, 2 hours in a muffle 
at 500° has been recommended, and, after the treatment with ammonium carbonate 
solution, drying at 110° is sufficient. 

4. After the ignition to calcium carbonate (and it does no harm if some calcium 
oxide is formed), the precipitate can be dissolved in a measured volume of 0.5 N 
hydrochloric acid and the excess acid titrated with 0.5 A sodium hydroxide to a 
methyl orange end point. 

5. By strong ignition, calcium carbonate is changed to calcium oxide, which can 
be weighed. This method of handling the calcium oxalate precipitate is generally 
regarded as the best. Quantitative conversion can be accomplished in a covered 
platinum crucible by heating 1 hour with the full heat of a good Tirrill burner. 
The crucible should be covered loosely to prevent unnecessary loss of heat. A 
much shorter period of heating is necessary over a M6ker burner or the blast lamp. 
A muffle heated to about 1000° can be used to advantage. The conversion of cal- 
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cium oxalate to calcium oxide cannot be accomplished by heating in an open por- 
celain crucible over a Bunsen burner, and it requires a very long time to accom- 
plish the conversion by heating in a* covered porcelain crucible over a large M6ker 
burner. The determination as oxide, therefore, is not to be recommended unless a 
muffle furnace or a platinum crucible is available. 

6. The original calcium oxalate precipitate can be dissolved in dilute acid and 
the liberated oxalic acid titrated with potassium permanganate solution. This is 
one of the most popular methods and gives good results. For this method of analy- 
sis, the precipitate should not contain over 0.1 g of calcium. In portland cement 
analysis, therefore, an alicpiot of the filtrate from the iron and alumina precipitation 
should be taken or an aliquot of the solution of the calcium oxalate precipitate in 
acid. To take an aliquot of any solution, dilute it to a definite volume in a volu- 
metric measuring-flask. After diluting to the mark, mix the solution by pouring 
it bac-k and forth at least four times, using a beaker which is clean and dry at the 
start. Then, by means of a pipet or a smaller measuring-flask take out at once one 
or more fractional parts of the entire solution for further analysis. Thus the filtrate 
from the ammonia precipitation can be diluted to exactly 500 ml, the solution mixed 
and 50 ml (= one-tenth) taken for the calcium determination. The word aliquot 
in mathematics designates a number that will divide a larger number without leaving 
a remainder. In analytical (rhemistry it is used to represent an exact simple fraction 
of the whole sample taken for analysis. 

Weighing as CaC 204 *HoO. Use a weighed Gooch crucible for col- 
lecting the calcium oxalate precipitate. Wash the precipitate with hot 
0.25 per cent ammonium oxalate sohition until 3 ml of the washings 
gives no test for chloride on adding HNO3 to an acid reaction and a few 
drops of AgNOa reagent. Then, with gentle suction, wash with six 5-ml 
portions of hot water, four 5-ml portions of ethyl alcohol, and four 5-ml 
portions of ether. Drain off each portion of wash licpiid before adding 
more. Finally draw air through the washed precipitate for 5 minutes; 
wipe off the outside of the crucible and allow it to remain in a desiccator 
15 minutes before weighing. The originally empty crucible should be 
washed, dried, and weighed in exactly the same way. The precipitate 
contains 38.39 per cent (vaO. Save the filtrate for the determination 
of magnesium, preferably without the alcohol and ether washings. 

Weighing as CaO. Use an ashless paper for collecting the pre- 
cipitate. Wash the precipitate with hot water until free from chloride, 
and save the filtrate for the magnesium determination. Transfer the 
precipitate to a weighed platinum crucible. Ignite carefully with the 
flame at the mouth of the crucible until the precipitate is dry, and then 
heat with a small flame at the base of the crucible until all the paper is 
decomposed without letting it take fire. Then gradually raise the tem- 
perature and heat over a Tirrill burner for an hour with the crucible 
in an upright position and covered. Cool to about 100°, place in a 
desiccator, and weigh after 15 minutes. Repeat the heating until after 
cooling a constant weight is obtained. The calcium oxide is somewhat 
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hygroscopic but is not difficult to weigh if it has been washed free from 
chloride. Call the weight constant if it agrees within 0.2 mg with the 
previous weight. 

Titration with Permanganate. Either a paper filter or a Gooch cruci- 
ble can be used. After the precipitate has been washed free from chloride, 
transfer the precipitate together with the filter to a 400-ml beaker and 
dissolve the precipitate in 100-ml of warm 3 N sulfuric acid. Titrate 
at 70° with potassium permanganate as described in Chapter XV for 
the standardization of permanganate against sodium oxalate. 

Magnesium Oxide. Make sure that the precipitation of CaC204’H20 
was complete by adding 5 ml more of ammonium oxalate reagent. 

At this stage, the solution will contain considerable ammonium salt. Ammonium 
salt is necessary to prevent the precipitation of Mg (OH) 2 with the hydroxides of iron 
and aluminum, and it also helps to prevent precipitation of MgC204. If the above 
procedure has been followed closely and only one precipitation of calcium oxalate 
made, which is permissible when the magnesium content is low, the magnesium can 
be precipitated as MgNH4P04*6H20 without removal of ammonium salts. It then 
is merely necessary to make the filtrate from the calcium oxalate precipitation acid 
with HCl, concentrate to about 300 ml by heating on the hot plate at a temperature 
somewhat below the boiling point, and precipitate with (NH4)2HP04 as will be 
described. If the solution should accidentally be evaporated to dryness, moisten 
the residue with strong HCl (to dissolve MgC204 or a basic salt), dilute to dissolve 
the ammonium salts, heat to boiling, and filter. Filtration is necessary because some 
silica is always present either from the reagents or from the action of the reagents on 
the beakers used. 

Ammonium salts in small quantities are desirable in precipitating magnesium, but 
when considerable oxalate or ammonium chloride is present it will prevent precipita- 
tion of quite appreciable quantities of MgNH4P04-6H20. For that reason, mag- 
nesium is often missed in qualitative analysis, and it is quite common for chemists 
to report too low values for magnesium. It is safest always to remove excess ammo- 
nium salts by evaporating with nitric acid; the ammonium ion is oxidized to nitrogen 
gas. It is well to remember that approximately 6 N HCl and 15 N HNOs are 
constant-boiling acids, and approximately these concentrations are obtained when 
dilute solutions of these acids are evaporated. 

Procedure. Add 75 ml of concentrated HNOs to the combined fil- 
trates and washings from the CaC204*H20 precipitation, and evaporate 
to dryness on the steam bath or hot plate. Do not boil the solution or 
there will be loss by spattering. Keep the beaker covered with a watch 
glass supported above the upper rim of the beaker. A glass triangle, 
or glass supports which are made for this purpose, should be used to 
support the watch glass. To the small residue obtained, add 2 ml of 
concentrated HCl and 25 ml of water. Heat nearly to boiling, and, after 
a few minutes, filter off the silica residue through a small filter. Wash 
the beaker, and filter thoroughly with hot water. The silica comes from 
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the action of reagents on reagent bottles or on the beakers used in the 
analysis. 

Dilute the solution to about 150 ml; add about 1.2 g of (NH 4 ) 2 HP 04 
dissolved in a little water and a few drops of phenolphthalein indicator 
solution. Heat nearly to the boiling point, and then slowly add 1.5 iV 
ammonia water until a faint pink color is obtained and a slight precipi- 
tation takes place. Stir well for about a minute, touching the sides of 
the beaker as little as possible. When the precipitate has become dis- 
tinctly crystalline, add more ammonia until a deep color is obtained with 
the phenolphthalein. Allow the solution to cool, then add one-fifth the 
solution’s volume of concentrated ammonium hydroxide and allow to 
stand over night. Continue the analysis by one of the following three 
procedures. 

(a) Weighing as MgNH 4 P 04 - 6 H 20 . Prepare a Gooch crucible with 
a suitable asbestos mat for filtering. Rinse out the crucible under 
gentle suction, with four 5-ml portions of alcohol followed by four 5-ml 
portions of ether. Draw air through the crucible for 5 minutes to evapo- 
rate the ether, wipe off the outside with a clean cloth, allow to stand in a 
desiccator over calcium chloride for 15 minutes, and then weigh care- 
fully. Decant off the mother liquor from the magnesium ammonium 
phosphate precipitate through this weighed crucible, wash the precipi- 
tate three times by decantation with 1.5 A NH4OH (concentrated 
NH4OH, d 0.90, diluted with nine times as much water), and transfer 
the precipitate to the crucible. Use a rubber policeman to remove the 
precipitate from the sides of the glass beaker. Wash the precipitate 
with the 1.5 N NH4OH until the filtrate gives no test for chloride when 
made acid with nitric acid and treated with a few drops of silver nitrate 
solution. To collect filtrate for this test, place a test tube in the suction 
flask underneath the filter funnel. It is important that all the ammo- 
nium chloride should be washed out of the crucible before washing with 
alcohol and ether. Finally wash four times with 5-ml portions of alcohol, 
followed by four 5-ml portions of ether. Draw air through the crucible 
for 5 minutes, wipe off the outside of the crucible with a clean cloth, 
and weigh after it has remained in a desiccator 15 minutes. The precip- 
itate contains 16.43 per cent of MgO. 

(b) Weighing as MgNH 4 P 04 *H 20 . Proceed exactly as in (a) but 
omit the treatment with alcohol and ether. After preparing the Gooch 
crucible with a suitable asbestos mat, place it in a small covered beaker 
and allow it to remain in the drying oven at 100° for at least an hour. 
Cool 15 minutes in a desiccator, and weigh carefully. After filtering off 
and washing the magnesium ammonium phosphate precipitate with 
1,5 N NH4OH till free from chloride, place the crucible in a small 
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covered beaker and allow it to remain an hour in the drying oven at 
100®, but make sure that the oven does not exceed this temperature by 
more than one degree. The precipitate contains 15.65 per cent MgO. 

The hexahydrate changes to the monohydrato at about 50®. While 
drying 1 hour at 100®, there is no appreciable decomposition of the 
monohydrate. If, however, the temperature is raised, or the precipitate 
is kept at this temperature for a long time, an appreciable decomposition 
takes place and there is a loss of some ammonia as well as water. 

(c) Weighing as Mg 2 P 207 . This is the classic method of weighing the precipi- 
tate, and the literature furnishes abundant proof of the fact that accurate results 
can be obtained. On the other hand, it is one of the hardest tasks that the beginner 
in analytical chemistry has to perform, because it is only by careful ignition that a 
pure, white residue can be obtained. If the precipitate is ignited too rapidly, a 
dark-colored ash is obtained. This is caused sometimes by incomplete combustion 
of the filter paper and sometimes by a reduction of the phosphate by the hot ammonia 
vapors that are being expelled. If the precipitation has taken place in the presence 
of sodium salts, sometimes a little sodium salt is absorbed by the precipitate and it 
melts during the ignition to form a coating which makes it difficult to burn all the 
carbon of the paper. Because of the difficulty involved and the fact that good results 
are possible, this determination as magnesium pyrophosphate furnishes good experi- 
ence to the beginner. 

2 MgNIi 4 P 04 - 6 H 20 I 3 H 2 O + 2NH8 + Mg 2 P 207 

Use an ashless filter paper for filtering off the magnesium ammonium 
phosphate precipitate. After washing it with 1.5 N NH4OH, exactly 
as described under (a) , moisten it with a saturated solution of ammonium 
nitrate in 1.5 iV ammonia, dry, ignite slowly and carefully, and weigh. 

The precipitate contains 36.21 per cent MgO. 

The conversion of magnesium ammonium phosphate to magnesium pyrophosphate 
can also take place in a Gooch crucible. The crucible and its asbestos mat should 
be heated to about 800° and cooled in a desiccator before weighing it. After trans- 
ferring the precipitate to the crucible and washing out all soluble salts, it should be 
dried at about 100° and then heated to about 800° for at least 15 minutes. If a 
muffle furnace is available this offers no difficulty. If the heating takes place over 
a free flame, a piece of platinum foil or the lid of a platinum crucible should be placed 
underneath the crucible so that the flame does not come into direct contact with the 
precipitate. 

Alkalies. If it is desired to determine the alkalies the J. L. Smith 
method should be used (Chapter XII). 

Loss on Ignition. Heat 0.5 g of the cement for 5 minutes in a plati- 
num crucible over a low flame, then heat strongly for 15 minutes. The 
loss in weight usually represents CO2 4- H2O. 

Sulfuric Anhydride. Fuse, in an iron crucible, 0.5 g of cement 
with 2 g of sodium peroxide and an equal weight of sodium carbonate, 
protecting the contents of the crucible from the flame as directed on 
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p. 314. After the fusion, extract the soluble salts by treatment with 
hot water. Filter, make acid with hydrochloric acid, and evaporate 
to dryness on the steam table. Moisten the residue with 5 ml of 6 N 
hydrochloric acid, dilute with 200 ml of water, and filter. Wash 
thoroughly, and precipitate the sulfate in 400 ml of boiling solution by 
the addition of barium chloride (Chapter XI). Filter, ignite, and 
weigh. Report as percentage of SO 3 . 

Potassium, k. At. wt. 39.096 
Forms: KCl, K 2 SO 1 , KaPtCle, KCIO 4 , and K 2 NaCo(N 02)6 
1. Determination as Potassium Chloride 

This compound is chosen for the determination of potassium when it is already 
present as such, or if the salt to be analyzed can be changed to chloride by evapora- 
tion with hydrochloric acid. If the potassium is present as sulfate it may be trans- 
formed to chloride by precipitation of the sulfate with barium chloride (see Chapter 
XII, ‘‘ Silicate Analysis ") ; if it is present as the phosphate, the phosphoric acid may 
be precipitated as basic ferric phosphate (Vol. I); or, finally, if it is present as chro- 
mate the Cr04“ ions may be reduced to chromic ions by evaporation with hydro- 
chloric acid and alcohol and then precipitated by ammonia and filtered off. 

In almost all these cases it is a question of separating the potassium chloride from 
the aqueous solution and usually of separating it from ammonium chloride as well. 

Procedure. Evaporate the solution to dryness on the water bath 
in a platinum or thin porcelain dish, stirring frequently as soon as the 
salt begins to separate out in order to hasten the evaporation of the 
enclosed water. In spite of long-continued heating and continual stir- 
ring, however, it is not possible to expel all the water enclosed within the 
crystals; to accomplish this, heat the covered dish in a hot closet or 
drying oven for at least an hour at about 135°. Then remove the watch 
glass and heat carefully over a small flame until no more vapors are 
evolved, taking care not to heat too strongly because of the danger of 
volatilizing some potassium chloride. Usually there is a little carbon 
in the residue, due perhaps to a little pyridine in ammonia used in the 
analysis. Treat the residue with a little water and filter through a 
small filter into a weighed crucible or dish, preferably of platinum. 
Add a few drops of hydrochloric acid, carefully evaporate to dryness, 
and remove the last traces of moisture by drying and heating as before. 
Cool, weigh, and repeat the heating until a constant weight is obtained. 

2. Determination of Potassium as Potassium Sulfate 

This method is chosen when the potassium is already present in 
solution as the sulfate, or when it is in such a form that it can be readily 
changed to sulfate by evaporation with sulfuric acid; it is most f re- 
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quently used for determining the amount of potassium in combination 
with organic acids. No other cation except ammonium can be present. 

Since the sulfate of potassium is much less volatile than the chloride, 
it is advisable to choose this method if no other metal is present. On 
the other hand, when it is necessary to separate potassium from sodium, 
it is preferable to have the potassium in the form of the chloride. 

To determine the quantity of potassium in an organic salt, treat a known 
weight of the salt in a large, weighed crucible with a little concentrated 
sulfuric acid. Heat exactly as in igniting a moist precipitate (see p. 39), 
with the crucible in an inclined position and with the flame directed 
against the cover of the crucible. Thick, white fumes of sulfuric acid 
are soon evolved; as soon as these begin to diminish in quantity gradu- 
ally move the flame toward the base of the crucible, and finally heat to 
dull redness until no more vapors are given off. The mass remaining 
in the crucible now consists of K 2 SO 4 and K 2 S 2 O 7 . The latter com- 
pound can be converted by stronger ignition into K 2 SO 4 with loss of 
SO 3 , but as this procedure involves a slight loss of potassium it is prefer- 
able to add a little solid ammonium carbonate, by means of which the 
excess of sulfuric acid is converted into ammonium sulfate, which is 
readily volatile and can be decomposed at a much lower temperature. 

3. Determination of Potassium as Potassium Chloroplatinate 

This and the following two methods are useful for determining potassium in the 
presence of sodium salts. Rubidium, cesium, and ammonium ions must be absent, 
as their chloroplatinates, perchlorates, and cobaltinitrites are insoluble under con- 
ditions which otherwise serve for the determination of potassium. The chloroplat- 
inate method is generally considered to be the best way of determining potassium in 
the presence of sodium although the reagent is expensive. Although it is true that 
the platinum can be recovered quite easily from the precipitates and filtrates yet it 
takes considerable time to work up the residues into fresh reagent. The method is 
based upon the insolubility of potassium chloroplatinate in 80 per cent ethyl alcohol. 
Fresenius and Brinton^ have shown that the solubility of potassium chloroplatinate 
is so slight that no allowance for dissolved K 2 PtCl 6 is necessary if the volume of the 
filtrate and washings is kept at 50 to 75 ml. In the following procedure it is assumed 
that 0.25 g or less of alkali chlorides containing no ammonium, rubidium, or cesium 
salt is to be analyzed. 

Procedure. Dissolve the weighed chlorides (0.25 g or less) with 5-10 
ml of hot water in a small porcelain dish. Add enough chloroplatinic acid 


1 Z. anal. Ckem,, 50 , 21 (1911); E. H. Archibald and his coworkers (J. Am. Chem. 
Soc.y 30 , 755 [1908]) found that 100 ml of 80 per cent ethyl alcohol will dissolve 
KsPtCU equivalent to 2.0 mg KaO, but the loss during an analysis will be con- 
siderably less than this value because the presence of HaPtCl* and NaaPtCh in the 
filtrate will lower the solubility of the KaPtCU. 
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to combine with all the alkali present, assuming, to be on the safe side, 
that the sample is all sodium chloride. Of the usual reagent, containing 
10 g of dissolved platinum in 100 ml, 1.7 ml should be used for each 0.1 g 
of chloride. Enough water should be present to dissolve any precipitate 
of K 2 PtCl 6 when the contents of the dish are heated on the water bath.^ 
Evaporate the solution on a water bath until the contents of the dish 
are sirupy and solidify on cooling. To the residue add 10 ml of 80 per 
cent ethyl alcohol (by volume) and break up the mass of crystals into a 
fine powder by means of a stirring rod or a platinum spatula. Decant 
the liquid through a filter moistened with alcohol, and repeat the treat- 
ment of the residue with 2-ml portions of alcohol until the filtrate runs 
through completely colorless and the salt remaining in the dish 
assumes a pure, gold-yellow color without any orange-colored 
particles (Na 2 PtCl 6 * 6 H 20 ). 

Try not to get much if any of the precipitate upon the filter. Dry 
the dish and filter a few minutes to remove the alcohol, transfer the 
precipitate to a weighed crucible or very small dish, and wash out the 
original dish with several small portions of hot water poured through 
the above-mentioned filter. Evaporate to dryness on the steam bath, 
and heat for 30 minutes in an air bath at 135®, with the crucible or dish 
covered to avoid loss by decrepitation. Cool and weigh the K 2 PtCl 6 . 


Notes. 1. When, as is commonly the case, the above procedure is used to deter- 
mine potassium in the presence of sodium, it is advisable to add sufficient HjPtCl* to 
convert both sodium and potassium to chloroplatinatcs. Sodium chloroplatinate is 
considerably more soluble in alcohol then sodium chloride. To lessen the require- 
ment of chloroplatinic acid, Smith and Shead (./. Arn. Chern. Soc,, 54, 1722 [1932]) 
recommend first adding perchloric acid to the aqueous sohition of sodium and potas- 
sium chlorides and evaporating to dryness to form NaClO^ and KCIO 4 . The residue 
is dissolved in a little hot water, alcohol is added, and then slightly more than enough 
HaPtCl# to form K 2 PtCl 8 . Since NaC 104 is quite soluble in alcohol it is not neces- 
sary to form Na 2 PtCl 6 . . . , • • xu 

This procedure is useful for determining small quantities of potassium m the pres- 

ence of considerable sodium. (Cf. G. L. Smith and J. L. Gring, J. Am. Chem. Soc., 

66, 3957 [19331). j . .u . u n . j 

2. Instead of weighing the K,PtCl, it ha.s been recommended that it be heated 

strongly in a stream of hydrogen. The reaction 

KiPtCl. + 2H2 = 4HC1 + Ft + 2KC1 

takes place, and the KCl content can be calculat^ by determining the quantity of 
HCl evolved, the weight of the residual mixture of KCl + Ft, the weight of the KCl 
obtained by evaporating the aqueous extract of the residue, or by weighing the Ft 
alone after dissolving out the KCl with water. Values based upon such detennina- 

> A convenient bath is obtained by placing the dish on 
water, which is kept just below the boiling point by a flame beneath the beaker or by 

a hot plate. 
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tions are usually a little low. Hicks, J, Ind. Eng. Chem., 6 , 650 (1913), recommends 
dissolving the K 2 PtCle in hot water, adding 4 ml of concentrated hydrochloric acid 
and 0.5 g of magnesium wire for each 0.2 g of K. When the action subsides a little 
more acid is added to dissolve the magnesium and the residual platinum is filtered 
off into a filtering crucible, washed with hot water, heated strongly, and weighed. 

3. For determining very small quantities of potassium, Cameron and Failyer, J. 
Am. Chem. Soc., 26 , 1063 (1903), recommend a colorimetric method based on the for- 
mation of red KaPtIc. Isolate the potassium as KaPtCU, as in the procedure recom- 
mended above, but instead of weighing it dissolve the washed precipitate in a little 
hot water and 1 drop of concentrated hydrochloric acid. Add an excess of strong 
potassium iodide solution (at letist 5 times as much as is theoretically necessary), 
wait 4 hours, and then compare the red color with that obtained similarly with known 
quantities of potassium. 

4. L. A. Hill, J. Am. Chem. Soc.y 26, 990 (1903), has recommended a colorimetric 
method which is based upon the yellow color formed when a solution containing a 
little K 2 PtCla is reduced with stannous chloride. With this method he determined 
from 1 to 21 parts of K 2 O per million parts of water, and the values were within 10 
per cent of the truth. 

4. Determination of Potassium as Perchlorate, KC 104 ^ 

Principle. The perchlorates of sodium and lithium are soluble in 97 per cent alco- 
hol but the perchlorates of potassium, rubidium, and cesium are practically insoluble. 
Usually the quantities of rubidium and cesium present are negligible. 

Ammonium salts and sulfates must not be present on account of the difficult solu- 
bility of ammonium perchlorate and of sodium sulfate in alcohol, but a little phos- 
phate does no harm, as both sodium perchlorate and phosphoric acid are soluble in 
alcohol. 

Many experiments by the agricultural chemists of the United States show that 
the method is nearly, if not quite, as accurate as the chloroplatinate method. It 
requires a little more attention to details, but the reagent is much less expensive. 

In the analysis of fertilizers, the Association of Official Agricultural Chemists 
recommends placing 2.5 g of sample on a r2.5-cm filter paper in a funnel and dis- 
solving the soluble salts by treating with small portions of hot water until about 200 
ml of filtrate is obtained. Then 5 ml of concentrated hydrochloric acid is added 
and the sulfate precipitated by barium chloride. The solution is diluted to exactly 
250 ml in a calibrated flask, and, after mixing thoroughly, a little of the solution is 
filtered through a dry filter and exactly 50 ml of filtrate taken for the rest of the 
analysis. 

By taking a fairly large portion for analysis and then using an aliquot part, a 
more representative analysis is obtained if the sample is not perfectly uniform. It is 
assumed that the actual volume of precipitate can be neglected, and no attention is 

‘ Sehlosing-Wense, Z. angew. Chem.^ 4 , 691; 6 , 233; 6, 68; Landw. Ver. Sta., 
69 , 313; 67 , 145; J. Am. Chem. Soc., 36 , 2085. Cf. also U. S. Chem. Bull. 152; 
Baxter and Kobayashi, J. Am. Chem. Soc., 39 , 249 (1917); 42 , 735 (1920); Davis, 
/. Agri. Sci., 6 , 52 (1912); Gooch and Blake, Am. J. Sci., 44 , 381 (1917); T. D. 
Jarrell, J. Assoc. Official Agri. Chem., 4 , 76-77 (1920-21); H. H, Willard, J. Am. Chem. 
Soc., 34 , 1480 (1912); H. H. Willard and G. F. Smith, ibid., 44 , 2816 (1922); 46 , 293 
(1923); G. F. Smith, ibid., 47 , 762 (1925); G. F. Smith and J. F. Ross, iUd., 47 , 774 
and 1025 (1925). 
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paid to adsorption of solute by the precipitate or by the filter paper. Such effects 
must be considered when pure substances are to be analyzed with the greatest possible 
accuracy , but when the weight of precipitate is small or the percentage of desired 
constituent low it is permissible to neglect the volume of precipitate and adsorp- 
tion, especially as the errors tend to compensate one another. 


Solubility of Alkali Perchlorates 


(100 ml of solvent, dis.solve at 25®) 


Salt 

Water 

CII 3 OII 

C 2 H 6 OII 

n-Butyl 

Ethyl 

g /100 ml 

g /100 ml 

g /100 ml 

Alcohol 

Acetate 



g /100 ml 

g/100 ml 

NaClOi 

113.9 

35.9 

11.13 

1.50 

8.43 

LiC104 

47.42 

89.4 

7 Q A 

49.3 

63.4 

NH4C104 

1.49 

21.91 

5.27 

0.014 

0.029 

KCIO 4 

2.04 

0.0830 

0.0094 

0.0036 

0.0013 

RbC104 

1.33 

0.0472 

0.0071 

0.0016 

0.0014 

CSCIO 4 

1.96 

0.0734 

0.0086 

0.0048 

0.001 



Procedure. If the solution to be analyzed contaias sulfate, it is 
advisable to remove it. To about 70 ml of solution (containing not 
more than 0.5 g of potassium salt) add 1 ml of concentrated hydro- 
chloric acid, heat to a gentle boil, and add hot 0.5 N barium chloride 
solution drop by drop until no further precipitation occurs. Wait 15 
minutes; filter off the barium sulfate, and wash it with hot water. 

If ammonium salts are present, evaporate to dryness in a porcelain 
dish and ignite carefully till all ammonium salts are decomposed. Cool, 
rinse down the sides of the dish with a little water, again evaporate, and 
ignite at a temperature below redness. Dissolve the residue in about 
20 ml of water and transfer to a 150-ml Pyrex beaker. 

Method 1 

Two methods for carrying out the perchlorate separation of potassium (rubidium 
and cesium) from sodium (and lithium) will be given. 

The first method depends upon the use of ethyl alcohol containing a little per- 
chloric acid to make the perchlorate of potassium practically insoluble. This is the 
common method. H. H. Willard, however, prefers to make use of normaP butyl 
alcohol, and many chemists follow this procedure.^ 

* Normal butyl alcohol is CH 3 *CH 2 CH 2 *CH 20 H. The word normal is used 
to distinguish it from its isomers (CH 3 ) 2 -CH 2 CH 20 H (called isobutyl alcohol), 
CHs-CHrCHOH-CHa (called secondary butyl alcohol), and (CH3)3 COH (called 
tertiary butyl alcohol). To show that the word normal does not refer to normal 
concentration, the small letter n will be used in the directions, whereas N will signify 
normal in the sense of concentration. 

* Cf. Hillebrand and Lundell, Applied Inorganic Analysis. 
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Add 5 ml of perchloric acid, d 1.12, containing 20 per cent HCIO4, 
and evaporate carefully till salts separate. Add 10 ml of hot water, 5 
ml more of perchloric acid, and again evaporate on a water bath and 
finally on a sand bath. If dense fumes of perchloric acid are not evolved, 
repeat the addition of water and perchloric acid until dense fumes are 
obtained by evaporation. Cool to below room temperature and add 
20 ml of 97 per cent alcohol containing 0.2 per cent of perchloric acid 
and saturated with potassium perchlorate.^ Crush the precipitated 
KCIO4 with the end of a stirring rod and allow to stand for 30 minutes, 
preferably with the dish resting in ice water. Filter through a Gooch or 
Munroe crucible that has been dried at 120-130° and weighed. 

If only a small precipitate is obtained, it is safe to wash and weigh 
it at once without purification provided that no considerable quantity of 
other salt is present in the alcoholic solution. Unless the absence of 
much sodium or other salt is assured, decant the solution through the 
filter and wash the crystals 3 times with small portions of alcohol con- 
taining 0.2 per cent of perchloric acid. Then dissolve the crystals 
in a little hot water, add 1 ml of perchloric acid, evaporate, and treat 
as before. Transfer the pure potassium perchlorate to the weighed 
filtering crucible, and wash with small portions of cold alcohol^ which is 
saturated with KCIO4 besides containing 0.2 per cent of HCIO4. Dry 
at 130° for an hour and weigh. 


Method 2 

In this procedure the alkali perchlorates are digested with a mixture of 7 i-butyl 
alcohol and ethyl acetate in which the perchlorate of potassium (rubidium and 
cesium) is insoluble. After filtering off the potassium perchlorate, the sodium can 
be precipitated as sodium chloride by adding a solution of hydrogen chloride gas 
dissolved in butyl alcohol. Then, if lithium is present, it can be weighed as sulfate 
after evaporating the filtrate from the sodium chloride precipitation. 

To the solution of chlorides add 2 or 3 times as much of 9 A perchloric 
acid as is theoretically necessary to convert the chlorides to perchlo- 

^ One hundred milliliters of the alcohol containing perchloric acid will dissolve 
2.8 mg of KCIO4. If considerable NaC 104 is present it tends to salt out a little 
KCIO4 from the saturated alcoholic solution. When considerable sodium salt is 
present, therefore, it is advisable to wash the first precipitate with a little alcohol 
containing no potassium perchlorate, dissolve the precipitate in a little water, and 
repeat the precipitation. The small quantity of sodium salt adhering to the par- 
tially washed KCIO4 precipitate will do no harm the second time. (Cf. Davis, 
J. Agr. Sci., 5, 52, 512; Gooch and Blake, Am. J. Sci.^ 44, 381; Baxter and Koba- 
yashi, J. Am. Chem. Soc., 42, 725.) 

* Baxter and Kobayashi have shown that it is advisable to cool the wash alcohol 
to 0° and to keep the volume of the washings as small as possible. 
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rates (not less than 1 ml in any case). Evaporate to dryness on the 
hot plate, at a temperature not exceeding 350°, and expel any acid con- 
densed on the side walls of the beaker by playing a free flame against 
the outside. Cool, wash down the sides of the beaker with 3 to 5 ml of 
hot water, and again evaporate to dryness on the hot plate. Cool; 
add 10 to 20 ml of a mixture of equal parts by volume of n-butyl alco- 
hol and ethyl acetate. Digest on the steam bath^ for 2 or 3 minutes 
and then cool to room temperature. 

Decant the liquid through a previously ignitcKl and weighed filtering 
crucible and wash the precipitate 3 times by decantation with 5-ml 
portions of the alcohol-acetate mixture. Reserve the filtrate and wash- 
ings if it is desired to make a direct determination of sodium. 

Dissolve the residue in the cmcible with a very little hot water, catch- 
ing the solution in the original beaker. Again evai)orate to dryness. 
Add 10 ml of the butyl alcohol-acetate mixture; digest and cool as 
before. Filter through the original crucible, which has been dried 
meanwhile. Transfer the precipitate to the crucible and wash 10 to 15 
times with less than 1-ml portions of the alcohol-acetate mixture. Dry 
the beaker and Inrush any particles of potassium perchlorate into the 
crucible. Dry an hour at 110° and 15 minutes at 350°. Cool and 
weigh as KCIO4. 

Remark. The precipitation of potassium as perchlorate can be accomplished in 
the presence of most other cations except ammonium, rubidium, and cesium. The 
precipitate should be easily soluble in hot water. In the analysis of fertilizers it is 
often recommended to dissolve the precipitate in hot water, dry, and weigh again to 
see if any other insoluble substance was present with the precipitated potassium per- 
chlorate. 

6. Determination of Potassium as Cobaltinitrite, K2NaCo(N02)6 

Sodium cobaltinitrite is probably the most sensitive precipitant of potassium 
ions in aqueous solution. Biilmann* was able to detect 0.0009 mg. of potassium in 
the presence of 4000 equivalents of sodium. Since de Koninck^ recommended the re- 
action in 1881, the quantitative determination of potassium as cobaltinitrite has been 
studied by many chemists, most of whom have been able to get satisfactory 
results. 

Produced under ideal conditions, the precipitate, formed in dilute acetic acid solu- 
tion with a considerable excess of the reagent, corresponds to the formula K 2 NaCo- 
(N02)6, with 17.93 jJer cent of potassium, equivalent to 21.59 per cent K 2 O. From 
saturated NaCl solutions, the precipitate has the formula K3Na3[Co(N02)«l2. 


1 Be careful not to use a free flame because if the combustible vapors catch fire a 
dangerous explosion will result. 

»Z. anal. Chem., 39 , 284 (1900). 

20 , 390 (1881). 
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The reagent sodium cobaltinitrite is not very stable, and the composition of the 
precipitate varies somewhat when produced under different conditions. For this 
reason, Viirtheim and others have recommended the use of empirical factors, and 
the Association of Official Agricultural Chemists has abandoned the method although 
many of its cooperating chemists obtained excellent results. 

The precipitate can be filtered, dried at 110®, and weighed without decomposition; 
it may be dissolved and the cobalt determined electrolytically the nitrite may be 
determined volumetrically or the volume of the precipitate may be measured in a 
graduated centrifuge tube. 

Reagent. Dissolve 28.6 g of cobaltous nitrate crystals and 50 ml of glacial 
acetic acid in enough water to make 500 ml of solution. Dissolve 180 g of sodium 
nitrite in 500 ml of water. Keep these two solutions separate until the day before 
the analysis is to be made, then mix equal volumes, shake or stir well, allow to stand 
over night in a glass-stoppered bottle, and filter just before using. 

Procedure. The potassium solution should contain the equivalent 
of 0.25 g KCl, or less, in a volume of 25 ml. For this weight of potas- 
sium salt use 40 ml of the filtered reagent. For smaller quantities of 
potassium, use less solution and less reagent but never less than 10 ml 
of either. Shake the mixture vigorously for several minutes, or, better 
still, stir mechanically for 30 minutes and allow to stand over night. 
Filter through a Gooch crucible; wash with 10 per cent acetic acid until 
the filtrate comes through colorless and then with 95 per cent alcohol. 
Dry at 110° for 2 hours. 

Remark. The presence of sodium salts in considerable excess does no harm. 
Most other cations can be removed by adding sodium carbonate solution. Ammo- 
nium salts should be removed, when present, by evaporating to dryness and gently 
igniting the residue. In fertilizer analysis, a fairly large sample should be taken and 
an aliquot part used for the potassium determination after the removal of ammonium 
salts and precipitation of other cations with sodium carbonate. Clerfeyt tested the 
method and obtained satisfactory results with materials containing from 5 to 62 
per cent of KjO. In most cases the agreement between the cobaltinitrite method 
and the chloroplatinate method was nearly, if not quite, as good as is usually obtained 
with duplicate analyses by the chloroplatinate method. When these directions are 
followed, the method appears to be rapid, exact, and economical. 


* Dissolve the precipitate in dilute hydrochloric acid, boil to decompose the 
nitrite, and carry out the electrolysis as described under “ Cobalt.” 

* Boil the washed precipitate with dilute sodium hydroxide, filter off the cobaltic 
hydroxide, make the filtrate acid, and titrate with permanganate as described in 
Chapter XV, “ Analysis of Nitrous Acid ”; 1 ml of 0.1 V KMnOi = 0.000785 g KaO. 
Another method — Wash the precipitate into a measured volume of hot perman- 
ganate solution diluted with 10 times as much water. After 5-6 minutes make 
acid with 5 N H2SO4 and titrate the excess permanganate with standard oxalate 
solution. In this case, 1 ml 0.1 iV KMnOi = 0.000856 g KaO. 
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6. Determination of Potassitun in a Silicate* 

Most silicates are decomposed by treatment with hydrofluoric acid in the pres- 
ence of a dehydrating agent such as sulfuric acid, concentrated hydrochloric acid, or 
perchloric acid. The perchlorates of all the common cations, except those of potas- 
sium and ammonium, are soluble in alcohol. 

Procedure. To about 0.3 g of silicate in a platinum crucible add 
1.5 ml of 2N HCIO4 and 3-4 ml of 48 per cent HF. Evaporate to 
dense fumes of HCIO4, heating at a low temperature on a sand bath in 
a larger crucible or in a wire gauze chamber made by bending some 
fairly fine-meshed copper or bronze gauze and inserting a triangle to 
hold the crucible. Cool, add water to fill about two-thirds of the cmci- 
ble, heat just to boiling, filter, and wash thoroughly with hot water. 
Evaporate the filtrate till fumes of HCIO4 are again obtained. Cool and 
add 25 ml of 97 per cent alcohol. Break up the residue with a stirring 
rod,^ and filter through a Gooch crucible. Wash the precipitate with 
1 per cent perchloric acid in alcohol. Transfer the washed precipitate 
and the asbestos mat to a filter and wash thoroughly with hot water to 
dissolve the KCIO4. Some insoluble salts are usually left on the filter. 
To the filtrate add 1 ml more of perchloric acid, evaporate to fumes, 
and treat with alcohol when cold. Usually the precipitate is now pure 
KCIO4. Filter, wash with 1 per cent perchloric acid in alcohol, dry 
for 1 hour at liO®, and weigh as KCIO4. 

Sodium, Na. At Wt 22.997 
Forms: NaCl, Na 2 S 04 , NaZn(U 02 ) 3 (C 2 H 302 ) 9 - 6 H 20 , 

NaMg(U02)3(C2H302)9-6§H20 

1. Determination as Chloride, NaCl 

The procedure is the same as described under ‘‘ Potassium (p. 269), 
but there is not so much danger of loss by volatilization. The chief 
difficulty lies in avoiding loss by spattering when the crystals containing 
water break by the pressure exerted by the steam formed inside the 
crystals. This can be avoided by heating the residue from the evapora- 
tion in a hot closet at 120-130° before attempting to heat the dish con- 
taining the chloride over a free flame to drive off any ammonium salts 
that may be present. Dishes of platinum or of fused silica are suitable 

1 J. J. Morgan, J. Ind. Eng. Chem., 13 , 225 (1921); M. M. Green, iWd., 16 , 163 
(1923). 

* This is important. If the crystals are not fine, it will be necessary to repeat 
the following purification process. 
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for the determination, and evaporation to dryness is accomplished con- 
veniently by placing the dish on a beaker half full of water kept gently 
boiling. 

2. Determination as Sulfate, Na 2 S 04 

The procedure is the same as described under Potassium (p. 269). 
The sulfate is heavier than an equivalent weight of the chloride, and it 
can be heated to a much higher temperature without fear of loss. The 
sulfate is easily obtained by evaporation with sulfuric acid provided that 
no phosphoric, boric, arsenic, silicic, tungstic, or other non-volatile acid 
is present. The last of the sulfuric acid is retained tenaciously and 
requires treatment with ammonium carbonate for its complete expulsion. 
The sulfate is slightly hygroscopic. 

3. Determination as Sodium Uranyl Zinc Acetate 

Principle. The solubility of the triple acetate of sodium, uranyl, and zinc in pure 
water is fairly great; 5.85 g of the salt dissolves in 100 ml of water. Under proper 
conditions, however, as little as 0.013 mg of sodium can be detected by the formation 
of the yellow precipitate or turbidity, and the tc.st is about live tiines more sensitive if 
the reaction takes place under ultraviolet light and the precipitate is recognized by its 
bright greenish-yellow fluorescence; the reagent itself shows no fluorescence. The 
procedure to be described is excellent for the determination of 0.5 to 50 mg of sodium 
in the presence of not more than 2 mg of lithium or 0.2 g of potassium. The precipi- 
tate is too bulky to be used for larger quantities. 

Reagents. Uranyl Zinc Acetate. Mix equal volumes of solutions (o) and (6), 
allow to stand 24 hours to remove any precipitate formed from impurity in the rea- 
gents, filter, and preserve in a Pyrex bottle. 

Solution (a). Mix 10 g of IJ 02 (C 2 H 302 ) 2 ' 2 H 20 , 6 ml of 30 per cent acetic acid, 
and 50 ml of water; heat until the solid dissolves. 

Solution (6). Mix 30 g of Zn(C 2 H 302 )* 3 H 20 , 3 ml of 30 per cent acetic acid, and 
60 ml of water; heat until the solid is dissolved. 

Besides these, ether or acetone and some ethyl alcohol which has been shaken 
with pure sodium uranyl zinc acetate at room temperature until saturated with the 
salt are required. 

Procedure. To about 5 ml of aqueous solution containing not more 
than 8 mg of sodium or 0.1 g of potassium add 10 ml of uranyl zinc ace- 
tate solution, mix, and allow to stand for 30-60 minutes. Filter through 
a filtering crucible, drain dry, and wash the precipitating vessel and 
crucible with five to eight 2-ml portions of the reagent, always draining 
out all the liquid before adding another portion. Now wash 5 times with 
2-ml portions of 95 per cent alcohol saturated with the precipitate and 
then with five 2-ml portions of ether or acetone. Finally draw air 
through the crucible for 5 minutes, wipe off any condensed moisture on 
the outside, cool in the balance case for 10 minutes, and weigh. The 
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precipitate contains 1.495 per cent sodium. The results are said to be 
within 0.5 per cent of the actual content. 

Remarks. 1. Instead of weighing the precipitate, the uranium content can 
be determined by titration with standard disodium hydrogen phosphate (35 g 
Na2HP04 l2H20 j)er liter) using potassium ferrocyanide test paper (filter paper 
dipped in 10 per cent potassium ferrocyanide solution and dried) as an outside in- 
dicator. Moisten the precipitate with 2-2.5 ml of glacial acetic acid and dissolve 
it in 40-50 ml of hot water. Titrate at 90® with the phosphate solution until a 
drop of the clear solution, free from any uranyl phosphate precipitate, will not give 
a brown color when placed on a piece of the test paper. The precipitate formed is 
UO2HPO4. 

2. If more than 2 mg of lithium is present it should be removed, and this is best 
accomplished by precipitation as fluoride. The excess fluoride must then be removed 
by evaporating in platinum with hydrochloric acid. This is accomplished as follows:* 

To not more than 0.1 g of the salt add 10 ml of water and 5 ml of 95 per cent 
alcohol. After the salt has dissolved, add 5 ml of 10 per cent ammonium fluoride 
solution to which a little ammonium hydroxide has been added to decompose any 
fluosilicate which is likely to be present in the reagent. After standing for at least 
20 hours, filter off the precipitate of Li2F2 and wash it 5 times with 2-ml portions 
of 50 per cent alcohol containing 0.5 per cent of ammoniacal ammonium fluoride. 
Evaporate the filtrate to dryness in a platinum dish and moisten the residue with 
5 ml of concentrated hydrochloric acid. Evaporate to dryness and repeat this 
treatment with hydrochloric acid twice more, after which it can be assumed that the 
final, dry residue contains neither lithium nor fluoride. 

3. If more than 0.2 g of potassium is present, the greater part should be removed 
by treatment with perchlorate. This treatment also serves to remove rubidium 
and cesium which, however, cause less interference. To determine sodium in com- 
mercial potassium chloride, dissolve 1 g of the salt in 5 ml of water and add a hot 
solution of 2 g of NU4CIO4 in 3 ml of water. Cool to room temperature, filter, 
and wash the precipitate 5 times with 2-ml portions of 95 per cent alcohol. Evapo- 
rate to dryness, heat strongly, and determine sodium in the residue. 

4. The presence of phosphate or arsenate interferes with the determination of 
sodium as complex acetate. They should be removed by treatment with mag- 
nesia mixture.” Evaporate the filtrate to dryness, heat to expel ammonium salts, 
treat the residue with hot water, filter, and use the filtrate for the sodium determina- 
tion. 

4. Determination as Sodium Magnesium Uranyl Acetate 

The precipitate contains 1.527 per cent of sodium. It serves for the determination 
of sodium in quantities of 0.5 to 50 mg but is so bulky that it is unsuitable for larger 
quantities. The presence of more than 2 mg of lithium or 0.2 g of potassium causes 
interference and high results j small quantities of rubidium, cesium, ammonium, or 
alkaline earths do no harm. Phosphates and arsenates must be absent. 

Reagent. Dissolve, separately, 85 g of U02(C2H302)2-3H20 and 600 g of 
Mg(C2H802)3'4H20 in 1 1 of normal acetic acid. Heat each solution to about 70®, 
mix at this temperature, and allow to cool to 20®. Keep at this temperature for at 
least an hour and filter. In this way 2 1 of reagent is obtained, of which 100 ml 


* Cf. Barber and Kolthoff, J. Am, Chem. Soc.^ 51 , 3233 (1929). 
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should be used when the quantity of sodium present is 10 mg or less and in all cases 
10 ml is desirable for each milligram of sodium likely to be present. 

Procedure. Concentrate the aqueous solution, preferably of chlo- 
rides, to 5 ml, or less, if there is no separation of solid salt. Add 10 ml 
of reagent for each milligram of probable sodium content, with not less 
than 100 ml in any case, place in a beaker of water at 20®, and stir 
vigorously for 30-35 minutes. Filter into a weighed Gooch, Munroe, or 
glass filtering crucible and wash with 5-ml portions of 95 per cent ethyl 
alcohol which has been saturated with solid urany 1-magnesium-sodium 
acetate. (If ordinary 95 per cent ethyl alcohol is used, assume that 
each 5 ml dissolves 1 mg of the precipitate.) Dry at 105® for 35 minutes 
and weigh. 

Separation of Sodium and Potassium 

The separation of the alkali cations from one another is somewhat of a problem 
because most salts of the alkalies are fairly soluble in water. The elements lithium, 
rubidium, and cesium are not present in common minerals to an appreciable extent 
so that ordinarily the chemist is concerned chiefly with the determination of only 
sodium and potassium. In general, it may be stated that the compounds of rubidium 
and cesium resemble those of potassium, and when a potassium salt is less soluble 
than the corresponding sodium salt, the rubidium and cesium salts will be still less 
soluble. The relationship between increasing atomic weight and solubility helps 
one to remember the relative solubilities. 

The salts of potassium which are distinctly less soluble than the corresponding 
sodium salts, and which have been proposed for the identification and determination 
of potassium ions, are the chloroplatinate, K^PtCle, the perchlorate, KCIO4, the 
cobaltinitrite, K2NaCo(N02)6, the acid tartrate (cream of tartar), KHC4H4O8, and 
the double sulfate with zirconium, 2Zr02-K20- (803)2. The first of these compounds, 
potassium chloroplatinate, is practically insoluble in alcohol whereas the anhydrous 
sodium chloroplatinate dissolves in alcohol. By adding sufficient chloroplatinic 
acid, H2PtCl6, to combine with both the sodium and potassium and evaporating to 
dryness, it is possible to convert a mixture of sodium and potassium chlorides into 
one of chloroplatinates and then the sodium chloroplatinate can be dissolved in 
alcohol leaving behind the potassium chloroplatinate which can be dried and weighed 
(cf. p. 271 ). This method is perhaps the oldest and best known for separating 
sodium and potassium. It is still widely used but is costly, owing to the high price 
of platinum and the time required to recover this element from the precipitates and 
mother liquors. Moreover, the composition of the precipitate does not always 
correspond exactly to the formula K2PtCl8. The method is not so accurate as is 
sometimes assumed. 

The separation by means of sodium cobaltinitrite reagent has received considerable 
attention in the literature (cf. p. 276 ). The precipitate of potassium cobaltinitrite 
is much less soluble than potassium chloroplatinate; it can be weighed as 
K3NaCo(N02)8, the cobalt content can be determined electrolytically, or the nitrite 
content by oxidation with permanganate. The cobaltinitrite method for separating 
potassium and sodium was recommended by de Komnek,^ and since then many 


1 Z. anal. Chem., 20 , 390 ( 1881 ). 
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chemists have testified to its usefulness. The reagent, however, is not very stable, 
and the composition of the precipitate is not always the same. 

The precipitation of potassium by zirconium sulfate in a concentrated, neutral, 
aqueous solution has been recommended; it furnishes a means of separating sodium 
and potassium which is a promising one. According to Reed and Withrow^ the 
precipitation of potassium can take place in the presence of sodium, ammonium, 
lithium, rubidium, and cesium ions, but this statement is contradicted by Yajnik and 
Tandon,* who have found it possible to precipitate rubidium and cesium quantita- 
tively by means of zirconium sulfate in a neutral solution. 

A method often used for estimating the sodium and potassium content in a weighed 
portion of their chlorides is to determine the chloride content by titration with silver 
nitrate solution or by adding a measured volume of silver solution and titrating the 
excess silver with thiocyanate solution (Chapter XVII). This method is rapid but not 
altogether satisfactory beca\ise the chloride content of potassium chloride does not 
differ sufficiently from that of sodium chloride; any error in the titration is multi- 
plied nearly eightfold in estimating the composition of the original mixture. 

Probably the most reliable method for analyzing a mixture of sodium and potas- 
sium chlorides is the modification of the perchlorate method which has been worked 
out by H. H. Willard and his associates (cf. p. 272). The sodium content can l>e deter- 
mined from the original weight of the NaCl 4- KCl after deducting a weight of potas- 
sium chloride equivalent to that of the potassium perchlorate found, or the filtrate 
from the potassium perchlorate precipitate can be evaporated to remove the ethyl 
acetate and the sodium precipitated as chloride by adding a solution of hydrogen 
chloride in butyl alcohol. 

To determine the sodium, evaporate the combined filtrates and wash- 
ings from the potassium perchlorate precipitation till the volume is not 
over 20 ml at the most and all the ethyl acetate has been removed. 
Heat to 80 to 90°, and add dropwise, with stirring, 2 ml of a 20 per 
cent solution of hydrogen chloride in n-butyl alcohol (prepared by 
passing dry hydrogen chloride into 200 ml of butyl alcohol for 2 hours ; 
the density of the solution is 0.905). Then add 6 ml more of the 
HCl-alcohol solution, cool to room temperature, filter off the pre- 
cipitated sodium chloride, and wash 8 or 10 times with 1-ml portions 
of 6 to 7 per cent solution of hydrogen chloride in butyl alcohol. Dry 
15 minutes at 110° and then for 5 minutes at 600°. Cool and weigh as 
NaCl or dissolve the salt in water and titrate the chloride (see Chapter 
XVII). 

Lithium, Li. At. Wt. 6.94 
Forms: Li 2 S 04 and LiCl 

The determination of lithium in the form of the above salts is carried 
out in practically the same way as that of potassium. It should be 
mentioned, however, that on evaporating a lithium salt with concen- 


1 J. Am. Chem. Soc., 61 , 1062 (1929). 

* J. Indian Chem. Soc., 7 , 287-296 (1930). 
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trated sulfuric acid the acid salt, LiHS04, is formed, which on gentle 
ignition (even without the addition of ammonium carbonate) is changed 
to difficultly volatile Li2S04. 

Since lithium chloride is a very hygroscopic salt, it is necessary to 
weigh it out of contact with moist air. To accomplish this, place the 
platinum crucible, after being gently ignited, together with a glass- 
stoppered weighing beaker in a desiccator which is provided with a 
calcium chloride tube. After they have assumed the temperature of 
the room, quickly place the crucible within the beaker, and stopper. 
Allow the weighing beaker to stand for 20 minutes in the balance case 
and then weigh. Place the salt in the crucible and repeat the above 
process. 


Determination of Lithium in the Presence of Sodium 
and Potassium 

Two methods for determining the lithium content of a mixture of the chlorides 
of sodium, potassium, and lithium have already been pointed out (pp. 274, 279). 
In one, the potassium wtxs removed first as KCIO4, then the sodium as NaCl, and 
the lithium was determined in the filtrate as Li 2 S 04 . In the other method, the 
lithium was removed first as Li 2 F 2 . Most methods for separating lithium from the 
other alkalies are based upon the fact that the solubility of lithium chloride in various 
solvents is usually greater than the solubilities of the chlorides of sodium and potas- 
sium. 

The method of Gooch^ depends upon the fact that lithium chloride is soluble in 
anhydrous amyl alcohol. Rarnrnelsberg’s* method is based on the solubility of 
anhydrous lithium chloride in a mixture of equal parts alcohol and ether. Kahlen- 
berg and Krauskopf’s^ method depends upon the fact that lithium chloride is soluble 
in pyridine containing less than 3 per cent water. Brown and Reedy* used dry ace- 

/^\ 

tone, and Sinka® used diethylene oxide (also called dioxan, CH 2 CHj). 

I I 

CHs CHa 

\o/ 

Gooch’s method is the oldest and best known, but the pyridine method of Kahlen- 
berg and Krauskopf does not require correction for the solubility of lithium chloride; 
both methods suffer because of the odor and physiological effects of the reagents. 
The procedure of Brown and Reedy and that of Sinka are easier to carry out than the 
other methods; judging from the published data, all the methods are about equally 
accurate. 


1 Proc. Am. Acad. Arts Sci., 22 [N. S. 14], 177 (1886). 

» Pogg. Ann., 66, 79 (1845). Cf. S. Palkin, J. Am. Chem. Soc., 38, 2326 (1916). 
» J. Am. Chem. Soc., 30, 1104 (1908). 

* Ind. Eng. Chem., Anal. Ed., 2, 304 (1930). 

® Z. anal. Chem., 80, 430 (1930). 
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(a) Gooch* s Method 

Principle. Anhydrous LiCl is soluble in anhydrous amyl alcohol 
(10 ml of cold amyl alcohol dissolves 0.66 g LiCl) while KCl and NaCl 
are difficultly soluble in this liquid (10 ml dissolves 0.3 mg NaCl and 0.4 
mg KCl). 

Procedure. Place the concentrated solution, containing not more 
than 0.2 g LiCl, in a 50-ml Erlenmeyer flask, add 5 6 ml of amyl alco- 
hol (boiling point 132°), and carefully heat on an tisbestos plate. The 
aqueous solution at the bottom of the beaker soon begins to boil and 
the water vapor escapes through the upper layer of amyl alcohol. To 
prevent loss by bumping at this point, it is well to pass air through 
the liquid during the boiling; the water evaporates more quickly and 
without bumping. As soon as all the water has been boiled off, the 
chlorides of sodium and potassium separate out and nearly all the 
lithium chloride dissolves in the alcoholic solution. During the evapo- 
ration of the aqueous LiCl solution, however, some Li Oil is formed by 
hydrolysis, and this compound is insoluble in amyl alcohol. To dissolve 
it, add 2-3 drops of concentrated hydrochloric acid, boil 2 or 3 minutes, 
and filter while still warm through a small asbestos filter. The insoluble 
residue is composed of sodium and potassium chlorides. Wash it with 
hot amyl alcohol, which has been boiled. Evaporate the filtrate to dry- 
ness, and dissolve the residue in a little water and a little dilute sulfuric 
acid. Filter off the carbonaceous residue into a weighed platinum 
crucible, evaporate as far as possible on the water bath, remove the 
excess of sulfuric acid by gentle heating over a flame (the crucible being 
placed in an inclined position), and then weigh. The lithium sulfate 
thus obtained will contain small quantities of potassium and sodium 
sulfates if the corresponding cations are present. To correct for these 
impurities subtract 0.00041 g for every 10 ml of the filtrate (exclusive 
of the alcohol used in washing the residue) if only sodium chloride is 
present, 0.00051 if only potassium chloride is present, and 0.00092 if 
both sodium and potassium chlorides are present. 

If only 10-20 mg of lithium chloride was present in the original 
salt mixture, then, after filtering and washing with amyl alcohol, dis- 
solve the residue in a little water, repeat the above treatment, and 
determine the lithium in the combined filtrates. 

(6) Rammelsherg* s Method {Modified by S, Palkin) 

Principle. Anhydrous lithium chloride is soluble in a mixture of 
alcohol and ether, whereas the chlorides of sodium and potassium are 
practically insoluble. 
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Procedure. Dissolve the chlorides in a little water (not over 1.5 ml 
for 0.5 g of salts) in a tall beaker. Add 1 drop of concentrated hydro- 
chloric acid to react with any LiOH that may be formed by hydrolysis, 
and introduce gradually, while rotating the contents of the beaker, 20 ml 
of absolute alcohol ; drop the alcohol into the center of the solution and 
not down the sides of the beaker. This should cause the deposition of 
granular sodium and potassium chlorides. While still rotating the 
beaker, add 60 ml of ether and allow the mixture to stand 5 minutes or 
until the precipitate has settled well and the supernatant liquid is 
nearly clear. Filter through a filtering crucible, wash with a mixture of 

1 part alcohol and 4 or 5 parts ether and set the crucible aside. P>apo- 
rate the filtrate in an Erlcnmeyer flask on the steam bath. Take up the 
residue in 10 ml of absolute alcohol and heat if necessary so that practi- 
cally everything dissolves. If a film remains, remove it by scnibbing. 
Rotate the flask while adding 50 ml of ether, add 1 ml concentrated 
hydrochloric acid, rotate, and let stand half an hour with frequent 
rotating. Filter through the same crucible that was used before, wash 
with ether-alcohol, dry, ignite gently, and weigh the residual chlorides 
of sodium and potassium. 

To determine the lithium, carefully evaporate the filtrate on the 
steam bath, take up the residue in a little water, transfer to a weighed 
platinum or quartz dish, add a little sulfuric acid, evaporate to dryness, 
heat to about 600°, and weigh as LiS 04 . 

(c) Separation by Pyridine^ Method of Kahlenherg and Kramhopf as 
Modified by Mellor 

Evaporate the .solution of 2 g or It^ss of the chlorides to dryness, add 

2 drops of concentrated hydrochloric acid, and again evaporate. Digest 
the residue with 25 ml of boiling anhydrous pyridine for 5 to 10 minutes. 
To prepare a suitable reagent, dry commercial pyridine over potassium 
hydroxide and redistil; use the fraction that boils between 114° and 
116°. 

After adding the pyridine, break up any large masses of salt with the 
end of a stirring rod. Let settle, filter through a small filter, and wash 
with 5 ml of hot pyridine; catch the filtrate in an Erlcnmeyer flask. 
Dissolve the residual sodium and potassium chlorides in a little water 
containing a drop of hydrochloric acid, again evaporate, and repeat the 
above treatment to remove any residual lithium chloride. With large 
quantities of sodium and potassium chlorides and very little lithium 
chloride, evaporate and extract with pyridine once more. Evaporate off 
the pyridine from the filtrate, add a little sulfuric acid, transfer to a 
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weighed platinum or silica dish, evaporate to dryness, dry at 110-120°, 
and carefully heat until the mass fuses slightly. Cover the dish, to 
prevent loss by spattering as the melt cools, and weigh as Li 2 S 04 . 

(d) Method of Brown and Reedy 

Evaporate the solution of chlorides to dryness in a platinum or silica 
dish. Dry for an hour at 110-120°, and then carefully ignite to expel 
ammonium salts. Weigh the residue of alkali chlorides. Add 25 ml of 
dry acetone and 1 drop of concentrated hydrochloric acid. Stir well, 
allow the residue to settle, and decant through a filter. Wash the residue 
3 times with 5-ml portions of acetone. Dissolve the residue in a little 
water and again evaporate and extract with acetone. If necessary 
repeat this once more. Evaporate the combined filtrates in a wenghed 
platinum or quartz dish to remove the acetone, take up the residue in a 
little water, add some sulfuric acid, evaporate dry, and weigh as LiS 04 . 

Indirect Determination of Lithium and Sodium or 
Lithium and Potassium 

The mixture of the two chlorides is weighed and the chlorine deter- 
mined either gravimetrically or volumetrically. 

Separation of Potassium, Rubidium, and Cesium 

Rubidium and cesium, when either is present alone, can be determined by any of 
the methods described for potassium. The solubility of tlie chloroplatinates, 
cobaltinitrites, and perchlorates of rubidium and cesium is less than that of the po- 
tassium salt. The qualitative separation described in Vol. I of this book is probably 
as good as any that has been devised. In this procedure, sulfab; is first removed 
by precipitation with lead nitrate in the presence of dilute nitric acid. After filtering 
off the lead sulfate, the excess lead is removed by saturating the solution with hydro- 
gen sulfide. The cesium, rubidium, and potassium are then j)rccipitated together 
as perchlorates, as described on pp. 273, 274 for the determination of potassium, and 
the filtrate from this precipitation will contain sodium and lithium. The perchlorates 
of cesium, rubidium, and potassium are dissolved in a little hot water, converted into 
cobaltinitrites, as described on p. 270, and filtered off. This precipitate, t<)gether 
with a little sodium nitrite solution, is heated until the mass fuses and effervesces 
no more, the residue is taken up in water and a little dilute acetic acid, and the black 
cobalt oxide residue is rejected. The solution of alkali nitrites is treated with sodium 
nitrite and bismuth nitrate solution to precipitate Cs 2 NaBi(N 02)8 and Rb 2 NaBi- 
(N02)6, leaving potassium nitrite in solution. The precipitate is treated with 
hydrochloric acid and, in the resulting solution, cesium is precipitated as Cs 3 Sb 2 CU. 
After filtering off this precipitate, the rubidium is precipitated as RbHC4H406 and 
finally converted into Rb2NaBi(N02)6 again. The separation is imperfect because 
the difference in the solubility of the corresponding cesium and rubidium salts is 
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not great enough to permit a complete separation. The procedure can be carried 
out and approximately correct results obtained quantitatively if more time is al- 
lowed for the complete precipitation of the cobaltinitrites and of the alkali-bismuth 
nitrites. 

The following procedure, which is based upon one proposed by Strecker and Diaz,‘ 
gives fairly satisfactory results when but little potassium is present. 

Procedure. Dissolve the chlorides, ^ free from ammonium salt, in 
a little water, and slowly add, while stirring, a mixture of concentrated 
hydrochloric acid diluted with twice as much 95 per cent alcohol. Filter 
off the precipitated KCl (and NaCl if present), wash with absolute 
alcohol, dry at 110'', and weigh. Heat the filtrate to boiling and treat 
with a boiling-hot, concentrated solution of SnCU which has been dis- 
solved in a mixture of 1 part concentrated hydrochloric acid and 2 
parts alcohol. Allow to cool, and after 4 hours filter off the precipi- 
tate of Cs 2 SnCl 6 and Rb 2 SnCl 6 , wash with absolute alcohol, dry at 100'', 
and weigh. If it is desired to determine the potassium, treat the fil- 
trate with perchloric acid, and detc^rmine the potassium not removed 
as chloride by the treatment with hydrochloric acid and alcohol. Add 
the corresponding weights of both precipitates to obtain the total 
potassium content. Dissolve the weighed chlorostannates in 5 per 
cent tartaric acid solution, saturate with hydrogen sulfide, and filter off 
the stannic sulfide precipitate. Evaporate the filtrate to dryness, and 
ignite carefully to destroy the tartaric acid. 

Treat the residue with an equal weight of FeCU, and dissolve in as 
little water as possible. Add 5 ml of glacial acetic acid for each 0.1 g 
of mixed chlorides and heat just to boiling. Add a cold 30-40 per cent 
solution of SbCU in glacial acetic acid, digest 1 hour on the water 
bath, cool, and allow to stand for at least 12 hours. Filter through a 
Gooch, Munroe, or glass filtering crucible, and wash the precipitate of 
Cs 3 Sb 2 Cl 9 with a 5-10 per cent solution of SbCU in glacial acetic acid. 

If considerable mbidium was present, it is necessary to dissolve this 
precipitate in hydrochloric acid and repeat the precipitation with SbCls. 
The second precipitate should be pure. 

Dissolve the final precipitate of Cs 3 Sb 2 Cl 9 in hydrochloric acid, dilute 
until it is approximately 0.3 N in acid, disregarding any SbOCl precip- 
itate that may form, saturate with hydrogen sulfide, filter off the Sb 2 S 3 , 
evaporate the filtrate to dryness, and determine the cesium as CSCIO 4 
as described for the determination of potassium on p. 274. Deduct the 
corresponding weight of Cs 2 SnCl 4 from the weighed mixture obtained 
above to obtain the weight of Rb 2 SnCl 4 . 

» Z. anal. Chem., 67, 321 (1925). 

* Perchlorates can be converted into chlorides by careful ignition. 
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Ammonium, 1^. Mol. Wt. 18.04 
Fonns: NHa, NH4CI, (NH 4 ) 2 PtCl 6 , Pt, Na 

Two cases are to be distinguished; (1) the ammonium is present 
as chloride in aqueous solution; (2) the ammonium is present in solution 
together with other cations and anions. 

1. The Solution Contains Only NH 4 + and Cl" Ions 

In this case the solution can be evaporated to dryness and the residue 
of ammonium chloride weighed; or the ammonium can be precipitated 
as (NH 4 ) 2 PtCl 6 and the precipitate weighed; or the ammonium chloro- 
platinate can be ignited and the residue of platinum weighed. 

(a) Determination as NH4CI 

Add concentrated HCl to the aqueous solution and evaporate to a 
small volume on the water bath at as low a temperature as possible, 
transfer the solution to a cnicible, evaporate on the water bath to dry- 
ness, and heat the covered crucible to constant weight in a drying oven 
at 105®. Good results arc obtained, but they are always a little low . On 
evaporating the aqueous solution some NH4CI is driven off, and the 
amount lost increases in proportion to the quantity of water used and 
the temperature at which the evaporation takes place. In cold, aqueous 
solution, ammonium chloride is largely ionized, NIl 4 C'l — > NHi'^ + Cl . 
As the temperature is raised, hydrolysis takes place to an appreciable 
extent, NH4CI + Il 20 -^NH 40 H -f HCl, and NII 3 evaporates from 
the ammonium hydroxide noticeably faster than does hydrogen chloride. 

If, however, a little hydrochloric acid is added to the solution the 
hydrolysis is prevented and the loss of NH3 is reduced to a minimum. 
The ammonium chloride must be dried in a covered crucible at 105 ; 
as otherwise a small quantity of the salt will be lost, but this loss is small 
in comparison with the possible loss during the evaporation. 

(b) Determination as (NH 4 ) 2 PtCl 6 

On heating (NH 4 ) 2 PtCl 6 to 130® the salt is unchanged. An aque- 
ous solution containing HCl, NH4CI, and an excess of H2PtCl6 can be 
evaporated to dryness without appreciable loss of NH3. To the aqueous 
solution of anunonium chloride, therefore, add an excess of chloroplatinic 
acid and a little hydrochloric acid. Evaporate to dryness at as low a 
temperature as possible. Pour absolute alcohol over the residue to dis- 
solve the excess of H 2 PtCl 6 , break up the crystals with a stirring rod, 
and filter through a Gooch crucible. Dry at 130® and weigh. 
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(c) Determination as Platinum 

Instead of weighing the (NH4)2PtCl6 as such, it can be decomposed 
by ignition and the weight of the residual platinum determined. As 
ammonium chloroplatinate decrepitates strongly on being heated, the 
ignition must take place in a large porcelain crucible, which is provided 
with a close-fitting cover. The precipitate must be heated gradually 
at first to prevent loss. It is best ignited according to the directions 
of Rose. Place the precipitate and filter in the crucible with the filter 
paper on top, cover the crucible, and heat over a small flame until the 
paper is completely charred without allowing the vapor to escape vis- 
ibly from the crucible. Then heat the crucible with a hotter flame, 
allowing free access of air into the inclined crucible, until the charred 
filter is completely consumed. 

2. The Ammonium Is Present Together with Other Cations 
and Anions in Solution or in Solid Form 

The aqueous solution is made alkaline by the addition of sodi\im hydroxide, and 
the liberated ammonia is distilled off through a condenser and absorbed in acid. The 
solution thus obtained can be analyzed by one of the above methods, but the usual 
procedure is to finish the analysis by titration. For the absorption of the ammonia 
a measured volume of standard hydrochloric or sulfuric acid can be used, in which 
case the determination is based upon the titration of the excess acid with standard 
sodium hydroxide to a methyl red end point. It is also convenient to absorb the 
ammonia in boric acid solution; this acid serves to prevent the escape of ammonia 
by forming ammonium borate, but the boric acid is such a weak acid that it does not 
affect the methyl red and ammonium borate titrates with 0.5 N HCl to a methyl red 
end point as if it were a solution of free ammonia. 

The method was described in Vol. I for the detection of ammonia in water. For 
very small quantities of ammonia, special pains must be taken to use water contain- 
ing no ammonia or ammonium salt and to finish the analysis by comparing the color 
produced by nesslerization of an aliquot part of the entire distillate with that ob- 
tained with a series of solutions containing known quantities of ammonia. For the 
determination of ammonium in a solid the ammonia is usually distilled off after add- 
ing alkali hydroxide and absorbed in a measured volume of standard acid or in boric 
acid (see Chapter XIV). 


Separation of Magnesium from the Alkalies 

The methods of Schmitz and of Epperson serve to separate magnesium 
from the alkalies if the determination of magnesium alone is desired. 
If it is desired to determine magnesium and the alkalies in one and the 
same sample, it is best to proceed as follows '} 

1 Gooch and Eddy. Z. anorg. Chem.j 68, 427 (1908). 
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Schaffgottsch Method for Precipitating Magnesium^ 

The method is based upon the fact that magnesium can be precipitated quanti- 
tatively, by means of an alcoholic solution of ammonium carbonate, as crystalUne 
magnesium ammonium carbonate, MgC0a'(NH4)2C0s-6H20. 

Preparation of the Precipitant. Saturate a mixture of 180 ml concentrated 
ammonia, 800 ml water, and 900 ml absolute alcohol with commercial ammonium 
carbonate. Shake the mixture occasionally, and after several hours filter off the 
excess of carbonate. 

Procedure. Treat the neutral solution containing only magnesium 
and the alkalies (lithium must not be present), preferably in the form of 
chlorides, with an ecjual volume of absolute alcoiiol and then with an 
excess of the ammonium carbonate reagent. Stir vigorously for a few 
minutes and allow to stand for at least half an hour. Filter through 
a Gooch or Munroe crucible. Wash with the precipitant, dry, ignite, 
and weigh as MgO. 

If considerable alkali is present the precipitate always contains a small 
quantity of it. In such cases dissolve the precipitate in hydrochloric 
acid, evaporate the solution to dryness, take up the residue in a little 
water, and repeat the precipitation. 

Evaporate the combined filtrates to dryness and determine the 
alkalies as described on pp. 280-286. 


Barium Hydroxide Method 

If it is desired to separate magnesium from the alkalies m order that the alkalies 
may be determined, the magnesium can be precipitated as magnesium hydroxide, 
from a solution free from ammonium salts, by the addition of barium hydroxide 
solution. The barium is then removed by ammonium carbonate and the alkalies 
determined in the filtrate. For the detailed de.scription of this method see Chapter 
XII, “ Silicate Analysis.” Even in this case, however, the use of the Schaffgottsch 
method of separating magnesium from the alkalies is more satisfactory. 

Magnesium can also be separated from the alkalies by means of 8-hydroxy quino- 
line, mercuric oxide, amyl alcohol, or a mixture of alcohol and ether. 

Mercuric Oxide Method 

When magnesium chloride is heated with mercuric oxide, magnesium oxide and 
mercuric chloride are formed. The mercuric chloride and the excess mercunc oxide 
are easily removed. The oxides of mercury and of magnesium are insoluble, but the 
alkali oxides are soluble, in water. 

Prepare a suspension of mercuric oxide in water as follows: ^sublime pure 
mercuric chloride from a mixture containing one-tenth of 

Dissolve the sublimate in sufficient water to make a saturated solution (about 40 ml 


‘ Pogg. Ann.f 104 , 482 (1858). 
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water per gram of HgCU). Heat the solution to boiling, and slowly pour it into an 
excess of hot 10 per cent sodium hydroxide solution. Let the mercuric oxide precipi- 
tate settle, wash by decantation with hot water, and finally on a filter until the wash 
water is free from chloride. Mix with water and keep in a ceresin or paraffin-lined 
bottle. 

Procedure. Evaporate the solution containing magnesium and alkalies to dry- 
ness in a platinum, porcelain, or quartz dish, and remove ammonium salts by heating 
the residue carefully. Avoid heating strongly as this may cause volatilization of 
sodium chloride. Treat the residue with a little water and mix it with some yellow 
mercuric oxide suspension. Add this slowly, while stirring, until the mercuric oxide 
no longer dissolves. Evaporate to dryness, add a few drops of water, and again heat. 
Repeat this once or twice more. Finally heat under a good hood until the poisonous 
fumes of mercuric chloride cease coming off. It is inadvisable to heat until all mer- 
curic oxide is removed as this may result in loss of alkali. Treat the residue with 
hot water, filter, and wash. If more than 1 per cent of magnesium is present, dis- 
solve the residue in a little hot hydrochloric acid and repeat the above treatment. 
Finally transfer the residue of MgO and Hg to a weighed crucible and heat under a 
good hood until all HgO has been removed. 

Amyl Alcohol and Ether-Alcohol Methods 

These methods differ from the preceding ones inasmuch as the alkalies are precipi- 
tated instead of the magnesium. In the absence of lithium, the amyl alcohol method 
developed by R. B. Riggs* can be used. It is similar to the method of Gooch for 
separating lithium from the other alkalies which has already been discussed. The 
use of a mixture of alcohol and ether has been recommended by S. Palkin.* Lithium, 
if present, will accompany the magnesium in both cases. 

* Am. J. Sci., [3] 44, 103 (1892). 

a J. Am. Chem. Soc., 38, 2326 (1916); 42, 1618 (1920). 
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HYDROCHLORIC, HYDROBROMIC, HYDRIODIC, HYDROCYANIC, 

FERROCYANIC, FERRICYANIC, THIOCYANIC, 

AND HYPOCHLOROUS ACIDS 

Hydrochloric Acid, HCl. Mol. Wt. 36.46 
Form: Silver Chloride, AgCl 

1. The chlorine is present in solution either as free hydrochloric acid 
or as a chloride soluble in water. 

2. It is present in the form of an insoluble chloride. 

1. The Chloride Is Present in Aqueous Solution 

If only metals of the alkali or alkaline-earth groups are present, make 
the cold solution slightly acid with nitric acid, and slowly add silver 
nitrate with constant stirring until the precipitate coagulates and fur- 
ther addition of the reagent produces no more precipitation. Now 
heat the liquid to boiling, allow the precipitate to settle in the dark, 
filter through a Gooch crucible, and treat the AgCl precipitate exactly 
as described in the determination of silver, p. 50. 

If the aqueous solution contains a chloride of a heavy metal, it is not always 
possible to follow the above procedure. If, for example, substances are present 
which on boiling are changed to insoluble basic salts, it is evidtuit that the precipitate 
of silver chloride would be contaminated with these substances and too high results 
would be obtained. This is particularly true of stannic and ferric salts. Ferrous 
salts, on the other hand, if only a little nitric acid is present, reduce silver nitrate to 
metallic silver on heating the solution; if enough nitric acid is present to prevent 
the reduction to silver, the danger of forming basic salts still remains. In such cases 
the precipitation is effected as before from a cold solution and the subsequent heating 
is omitted. 

Invariably, however, it is better first to remove the heavy metal by precipitation 
with ammonia, caustic soda, or sodium carbonate. 

2. Analysis of an Insoluble Chloride 

Boil the substance with sodium carbonate solution^ (free from chloride), 
filter, and determine the chlorine in the filtrate as described above. 

» Mercurous chloride is decomposed only slowly by sodium carbonate solution 
but is readily acted upon by potassium or sodium hydroxide. 
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Some chlorides, e.g., silver chloride, many minerals such as apatite,* 
sodalite, and rocks containing them are not decomposed by boiling 
with sodium carbonate. Such substances must be fused with sodium 
carbonate. 

Mix silver chloride with 3 times as much sodium carbonate and 
heat in a porcelain crucible until the mass has sintered together. Ex- 
tract with water, filter off the insoluble silver, and determine the chlorine 
in the filtrate as under 1. 

For the determination of chlorine in rocks, fuse 1 g of the finely 
powdered material with 4 or 5 times as much sodium carbonate (or 
with a mixture of equal parts sodium and potassium carbonates) at 
first over a Bunsen burner, afterward over a M6ker burner or the 
blast lamp. Extract the melt with hot water. After cooling, add 
methyl orange indicator solution, acidify with nitric acid, and allow to 
stand over night. If silicic acid has precipitated out by the next morn- 
ing, add a little ammonia, boil the solution, filter, and wash with hot 
water. Add a little nitric acid to the cold filtrate and determine the 
chlorine as above. 

If there is no separation of silicic acid on acidifying the water extrac- 
tion of the fusion with nitric acid,^ precipitate the chlorine at once from 
the cold solution. 


Free Chlorine 

If it is desired to determine gravirnetrically the amount of chlorine in a sample of 
chlorine water, it is not feasible simply to add silver nitrate, for not all the chlorine 
is precipitated as silver chloride; a part of it remains in solution as soluble chloric 
acid: 

3Cl2 + 3H2O -f 5AgN03 = 5AgCl + HCIO3 + 5HNO, 

The chlorine, therefore, must be changed to hydrochloric acid or to one of its salts 
before attempting to precipitate with silver nitrate. This may be accomplished in 
several ways: 

1. Transfer a definite amount of the chlorine water by means of a pi pet to a flask 
containing ammonia water, and after mixing heat the solution to boiling. After 
cooling, acidify with nitric acid and precipitate with silver nitrate. The ammonia 
converts the chlorine to ammonium chloride: 

8NH4OH + 3CI2 = 6NH4CI + N2 + 8H2O 


‘ According to Jannasch, chlorine in apatite may be determined by treating the 
finely powdered mineral with nitric acid and silver nitrate on the water bath. Every- 
thing goes into solution with the exception of silver chloride, which is filtered off 
and weighed. (This does not apply to a sample of apatite contaminated with silica 
or silicates.) 

* According to W. F. Hillebrand, no separation of silicic acid is to be feared from 
1 g of the substance. 
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2. Treat the chlorine water with an excess of siilfurous acid, make the solution 
ammoniacal, add hydrogen peroxide, and boil the liquid until the excess of hydrogen 
peroxide is removed. Cool, acidify with nitric acid, dilute with water, and precipi- 
tate the chlorine by means of silver nitrate. 

3. Treat the chlorine w'ater with dilute sodium hydroxide solution, and add an 
aqueous solution of sodium arsenite (arsenic trioxide dissolved in sodium carbonate) 
until a drop of the liquid will not turn a piece of iodo-starch paper blue. Then make 
acid with nitric acid and precipitate the chlorine by a soluble silver salt. 

If the solution contains both free chlorine and hydrochloric acid determine the 
tofal chlorine by one of the above methods, and the free chlorine in a separate sample 
by a volumetric process (see Chapter XV, “ lodiinetry ”). 

Determination of Chlorine in Non-Electrolytes (Organic Compounds) 

(a) Method of Carius^ 

Principle. The method is based upon the fact that all organic compounds are 
decomposed by heating with concentrated nitric acid at a high temperature under 
pressure. If the substance contains halogen, sulfur, phosphorus, or arsenic, it is 
first set free as such, but on account of the reducing action of the nitrous acid formed 
it is then changed over into its hydrogen compound. This, however, is partly 
oxidized by the nitric acid. The reaction is therefore a reversible one. If, on the 
other hand, the substance is heated under the same conditions with nitric acid in 
the presence of silver nitrate, the halogen hydride is converted into silver halide as 
fast as it is formed and the halogen is quantitatively changed into its silver salt. Sul- 
fur, phosphorus, and arsenic; are oxidized in the same way to sulfuric, phosphoric, and 
arsenic acids, and any metals present form nitrates. 

Procedure. Take a tube made of difficultly fusible glass about 50 cm 
long, 2 cm in diameter, with walls about 2 mm thick. Seal one end, 
clean thoroughly, and dry by drawing air through it. 

Transfer about 0.5 g of powdered silver nitrate 
(of substances rich in halogen as much as I g may 
be used) to the tube by pouring the powder through 
a cylinder made by rolling up a piece of glazed paper 
and shoving the paper into the tube until it reaches 
about the middle of it. Pour into the tube, through 
a funnel whose stem is about 40 cm long, 2-5 ml 
of pure nitric acid (d 1.5) free from chlorine. In 
this way only the lower half of the tube is wet with 
the acid. Incline the tube to one side and introduce 
a small glass tube, closed at one end and containing 
from 0.15 to 0.2 g of the substance (this smaller 
tube should be about 5 cm long and 5 mm wide). 

As soon as the tube containing the substance has 
reached the acid, it remains suspended (Fig. 41, o). 

iAnn.Cftem. P/tam., 136, 129 (1866), and Z. aruil. Chem., 4, 451 (1865). 
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It is very important that the substance should not come in contact 
with the acid before the tube is closed at the upper end, as otherwise 
there is likelihood of losing some halogen. 

Now heat the upper end of the tube very cautiously in the flame of the 
blast lamp until the tube begins to soften and thicken (Fig. 41, 6). 
Then draw out into a thick-walled capillary 3-5 cm long, and fuse the 
end together (Fig. 41, c). 

After the tube has become cold, envelop it in asbestos paper, care- 
fully shove it into the iron mantle of a bomb furnace,’^ and gradually 
heat. Aliphatic substances are usually decomposed by heating 4 hours 
at 150-200°; substances of the aromatic series usually require from 
8 to 10 hours’ heating at 250-300°, and for some substances an even longer 
heating at a higher temperature is necessary. The time and tempera- 
ture must be found out for each substance by experiment. The decom- 
position is complete when on cooling the contents of the tube neither 
crystals nor drops of oil are to be recognized.^ Regulate the heating so 
that after 3 hours the temperature of about 200° is reached, after 3 hours 
more 250-270°, and finally after another 3 hours a temperature of about 
300°. 2 After the heating is finished, allow the tube to cool completely 
in the furnace, remove the iron mantle together with the tube, and by 
slightly inclining the mantle bring the capillary of the tube out into the 
open air. Usually a drop of liquid will be found in the point of the 
capillary. In order not to lose this, carefully heat the outer point with 
a free flame, and by this means drive back the liquid into the other 
part of the tube. Now heat the point of the capillary more strongly® 
until the glass softens, and a hole is blown in the soft glass as a result 
of the pressure within the tube. The gas escapes with a hissing sound. 
When the contents of the tube are at the atmospheric pressure, make a 
scratch upon it with a file just below the capillary and touch this with a 
hot glass rod, whereby the tube usually breaks and the upper part can 
be removed. Then carefully pour out the contents of the tube into a 
fairly large beaker, without breaking the little tube into which the sub- 
stance was weighed, and wash out the inner part of the tube as well as 


‘ Sometimes, with substances rich in sulfur, crystals of nitrosyl sulfuric acid are 
formed which adhere to the sides of the tube. They are easily distinguished from 
crystals of the undecomposed substance. 

* Such a high pressure is often attained that the tube bursts as soon as it is heated 
very hot. In such cases heat to only 200®, allow to cool, open the capillary, and 
release the pressure. Then fuse together again and heat to the desired temperature. 

• Before heating, the tube and the hand should be wrapped in a towel to avoid 
accidents. 
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its capillary with water. Dilute the liquid in the beaker to about 300 ml 
and heat to boiling. After cooling, filter off the insoluble silver halide 
through a Gooch crucible and weigh after washing and drying at 130°. 

If it is thought that the precipitate is contaminated by fragments of 
broken glass, as often happens even with careful work, decant the clear 
liquid through a filter, wash the residue by decantation with very dilute 
nitric acid to the disappearance of the silver reaction, and dissolve the 
residue (except when it is silver iodide) in waiTn ammonia water. Filter 
the solution through the same filter, but collect the filtrate this time in a 
fresh beaker. After washing the filter with dilute ammonia, acidify 
the filtrate with nitric acid, heat to boiling, and, after allowing the silver 
chloride or bromide to settle in the dark, filter through a Gooch crucible, 
dry at 130°, and weigh. 

Silver iodide cannot be dissolved in ammonia and in this way separated 
from splinters of glass. Therefore, filter off the precipitate, together 
with the glass, through an ordinary washed filter (not a Gooch crucible), 
wash with dilute nitric acid, then once with alcohol in order to n^rnove the 
nitric acid, and dry at 100°. Transfer as much of the prcuapitate as 
possible to a watch glass, burn the filter, and drop the ash into a weighed 
porcelain crucible. Add a little dilute nitric a(;id (to cliange any roduccnl 
silver into the nitrate), evaporate off the liquid on the water bath, add a 
few drops of water and a drop of pure hydriodic acid, and again evaporate 
the contents of the crucible to dryness. Now add the main part of the 
precipitate, heat until it begins to fuse, and W(‘igh. Cover the mass in 
the crucible with pure dilute sulfuric acid, add a piece of chemically pure 
zinc, and allow the crucible to stand over night. After this time the 
silver iodide will be completely reduced to metallic silver. Ihunove the 
zinc, and wash the residue by decanting several times with water until 
the iodide reaction can no longer be detected. Warm the residue with 
dilute nitric acid upon the water bath, in order to dissolve the silver; 
filter the solution through a small filter. Wash the filter with water 
and dry; ignite it in a crucible and weigh the residue (the glass). This 
second weight deducted from the former gives the amount of silver 
iodide present. 

This method is also suitable for obtaining lead and mercury from 
organic compounds in a form which can be precipitated by hydrogen 
sulfide. 

The method of Carius is by far the best for the determination of 
halogens in organic substances when only one of the halogens is present. 
If two or three of them are present at the same time, the “ lime method '' 
is to be preferred. 
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(b) The lAme Method 

Into a glass tube made of difficultly fusible glass (about 40 cm long, 
1 cm wide, and closed at one end), introduce a layer of lime (free from 
chloride) from 5 to 6 cm long, then about 0.5 g of substance, and finally 
5 cm more of lime. Mix the substance thoroughly with the lime by 
means of a copper wire wound into a spiral. Nearly fill the tube with 
lime, place on its side, and gently tap, so that a small canal is formed 
above the lime. Place the tube in a small combustion furnace (cf. 
p. 355) and heat. First heat the front end of the tube, free from 
substance, to a dull redness, then the back end, and afterwards light the 
other burners, one after another, until finally the whole tube is at a 
dull red heat. After cooling, transfer the contents of the tube to a 
large beaker and dissolve the lime in dilute nitric acid free from chlorine. 
Filter off the carbon, and precipitate the halogen with silver nitrate. 

If the lime contains calcium sulfate, this is reduced to sulfide, so that 
some silver sulfide is likely to be precipitated with the silver halide. 
In this case treat the solution with hydrogen peroxide (free from halo- 
gen) before enough nitric acid has been added to make the solution acid, 
boil the liquid to remove the excess of the reagent, then acidify, filter, 
and precipitate with silver nitrate.^ In the analysis of substances rich 
in nitrogen, it is possible that some soluble calcium cyanide will be 
formed. In this case care must be taken that the silver precipitate 
contains no silver cyanide (cf. “ Separation of Hydrocyanic Acid from 
Halogen Hydride,” p. 303). 

(c) The Sodium Peroxide Method 

Heat 0.2-0.3 g of the substance with a mixture of 10 g of powdered 
potassium hydroxide and 5 g of sodium peroxide in a nickel or iron cru- 
cible. Heat first in the hot closet at 85®. After some time remove the 
crucible from the closet and heat over a small flame, gradually raising 
the temperature until the flux is melted. Cool, extract the melt with 
water, filter, and determine the halogen as silver salt after adding nitric 
acid. 

The fusion in the NaOH andNa202 can be carried out conveniently 
in a Parr bomb. 

Remark. For an excellent volumetric method for determining chlorine see the 
Volhard method in Chapter XVII. 

1 W. Biltz (Chem. Ztg., 1903, Rep, 142) separates the halides from sulfide by 
treating the precipitated silver salts with an ammoniacal sodium thiosulfate solution, 
whereby the silver halide goes into solution, from which the silver is precipitated as 
silver sulfide, by adding ammonium sulfide, and determined as silver. 
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HYDROBROMIC Acm, HBr. Mol. Wt. 80.92 
Fonii : Silver Bromide, AgBr 

Hydrobromic acid is determined exactly the same as hydrochloric 
acid. This is also true of the determination of free bromine and of bro- 
mine in non-electrolytes. 


HYDRIODIC Acid, HI. Mol. Wt. 127.93 
Forms: Silver Iodide, Agl, and Palladous Iodide, Pdia 

(a) Determination as Silver Iodide 

The determination of hydriodic acid is carried out in exactly the same 
way as the analysis of hydrochloric acid. If it is desired to filter the 
silver iodide through an ordinary washed filter instead of through a 
Gooch crucible, the procedure described on p. 51 or 295 is used, convert- 
ing the reduced metal to iodide by dissolving in nitric acid and adding 
hydriodic acid. If no hydriodic acid is available, place the main portion 
of the precipitate in a weighed porcelain crucible and heat until it begins 
to melt, and then weigh. Place the filter ash in anotluT cmcible, and 
treat with nitric and hydrochloric acids, when‘by the silver and any 
unreduced iodide are changed to silver chloride. W(‘igh the silver 
chloride and add the equivalent amount of silver iodide to the weight 
of the main part of the precipitate. 

(6) Determination as Palladous Iodide 

This important method for the separation of iodide from bromide 
and chloride is carried out as follows: 

Make the solution acid with hydrochloric acid, and add palladous 
chloride solution until no more precipitate is formed. After allowing to 
stand one or two days in a warm place, filter off the brownish black 
precipitate of palladous iodide through a Gooch crucible, or through a 
tared filter that has been dried at 100^ wash with warm water, dry at 

100®, and weigh as Pdl 2 . , 

According to Rose, the Vdh may be changed to palladium by igniting 
in a current of hydrogen, and from the weight of the palladium the 
amount of iodine calculated. 
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Separation of the Halides from One Another 
1. Separation of Iodide from Chloride 

(a) The Palladous Iodide Method 

Determine the iodide as palladous iodide, and in a second sample 
determine the sum of the chloride and iodide from the weight of their 
insoluble silver salts. 


(6) Method oj Gooch 

This method depends upon the fact that, in a dilute acid solution of the three 
halides, nitrous acid reacts only with the iodide: 

2 KI + 2KNO2 -I- 4H2SO4 = 4KHSO4 + 2 NO + 2H2O + I2 

Iodine is liberated and escapes from the solution on boiling. In one sample, there- 
fore, precipitate the halogens together in the form of their silver salts; in a second 
sample determine the amount of the chlorine after setting free the iodine by means 
of nitrous acid, and determine the amount of iodine by difference. In order to 
obtain correct results by this method, the solution must be very dilute when it is 
boiled to expel the iodine ; otherwise some chlorine escapes. 

Procedure. Dissolve 0.5 g of the halide mixture in 600 ml of water 
in a liter flask, treat with 2-3 ml of dilute sulfuric acid, add 0.5-1 g 
of solid potassium nitrite (free from halide), and boil the solution until 
entirely colorless; usually this is accomplished in about three-quarters 
of an hour. Then add silver nitrate solution, and allow the resulting 
precipitate to settle. Filter through a Gooch crucible, and weigh. 

2. Determination of Bromide together with Chloride 

Principle. In this indirect method the sum of the weights of the silver salts of the 
two halogens is first determined and afterwards the silver bromide is converted to 
silver chloride by heating in a current of chlorine. 

Procedure. To the neutral solution containing about 0.5 g of halides 
add a little nitric acid (free from chlorine) and precipitate in the cold by 
the addition of a slight excess of silver nitrate. Heat the liquid to 
boiling, with frequent stirring, cool after the precipitate has coagulated, 
and filter off the precipitate into a 15-cm-long asbestos filter tube made 
of difficultly fusible glass. Dry the precipitate at 150°, and weigh after 
cooling. 

For the transformation of the bromide into chloride, shove the asbestos 
forward a little in the tube by means of a glass rod (in order that the 
gas may pass through it more readily), fasten the tube in a slightly 
inclined position, and pass a current of dry chlorine gas through it. At 
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the same time cautiously heat the tube by moving a small flame back 
and forth. During the first half hour the precipitate should not be 
heated hot enough to melt it; finally, however, raise the temperature 
until it begins to melt, after which replace the chlorine by air, cool, and 
again weigh. 

If p represents the weight of silver chloride and bromide first obtained, 
q the weight after the precipitate has been completely changed to 
chloride, x the weight of silver chloride in the first precipitate, and 

y the weight of silver bromide, then a; + 2/ = p and x + V — Q- 

AgBr 

Since = 0.7633, the solution of the above two equations gives 
AgBr 

y = 4.225 (p — q) and x — p — from which the percentage of chlorine 
and bromine can be computed. 


3. Determinatioa of Iodide together with Chloride 

The same procedure is used as above described. 

If p represents the weight of silver iodide -f silver chloride, q the 
weight after the silver has been converted to chloride, x the weight 
of silver chloride, and y the weight of silver bromide in the first precipi- 
tate, y = 2.567 (p - 5 ) and x = p - tj. 


4. Determination of Bromide in the Presence of Iodide 


In this case p represents the weight of the silver bromide and silver 
iodide, q as before the corresponding weight of silver chloride, x the 
weight of silver iodide in the first precipitate, and y the weight of silver 


bromide. 


a; + 2/ = P: 


AgCl AgCl 


Agl ' AgBr 
X = 4.994p — 6.545g 


y = p - X 


6. Determination of Iodide, Bromide, and Chloride 

In one portion of the substance determine the weight p of silver salts 
obtained by precipitation and change this over to silver chloride of 
weight q. In another portion of the same weight of original substance, 
determine the weight t of palladous iodide corresponding to the iodine 
content. Then, if x represents the weight of silver chloride and 2 / the 
weight of silver bromide in the first precipitate, the following relation- 
ships hold: 
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1.303^ = weight of silver iodide in the first silver precipitate and 0.7951< 
is the corresponding weight of silver chloride. 
p — 1.303^ = weight of silver bromide and silver chloride in the first 
precipitate. 

q — 0.7951^ = weight of silver chloride in the second precipitate equiva- 
lent to the chloride and bromide. 

x-^y = p - 1.303^; x + 0.76332/ = S - 0.7951^ 
y = 4.224 [(p - 1.3030 “ (5 - 0.79510] 
x = p - 1.303^ - y 

Instead of determining the iodine as palladous iodide it may be 
removed as on p. 298, 6, by treatment with nitrous acid and the weight 
of the silver bromide + silver chloride obtained. 

Another method^ depends upon the fact that treatment of silver 
halides with potassium dichromate and concentrated sulfuric acid 
causes the following decompositions: 

6AgCl + K2Cr207 + I4H2SO4 = 6AgHS04 + 2KHSO4 + 2Cr(HS04)3 

+ 7H2O + 3CI2 T 

6AgBr + K2Cr207 + I4H2SO4 - 6AgHS04 + 2KHSO4 + 2Cr(HS04)3 

+ 7H2() + 3Br2 1 

2AgI + 2K2Cr207 4 - I8H2SO4 = 2AgHS04 + 4KHSO4 + 4Cr(HS04)3 
+ 8H2O + 2HIO3 

All the bromine and chlorine can be distilled off, but the silver and all 
the iodine remain behind. By the introduction of SO 2 into the diluted 
acid, the iodic acid is reduced to hydriodic acid and silver iodide precipi- 
tates. After this has been filtered off, the remaining silver can be pre- 
cipitated as iodide. Thus for the determination of the three unknowns, 
three simultaneous equations can be formulated. 

Procedure. Precipitate a mixture of silver chloride, bromide, and 
iodide in the usual manner, filter into a small asbestos filtering tube, and 
weigh after drying at 150*^. Call the weight of original substance A 
and that of the mixed halides a. Place the dry precipitate together 
with the asbestos in an Erlenmeyer flask, and for each 0.3 g of silver 
salt add 2 g of pure potassium dichromate and 30 ml of concentrated 
sulfuric acid. Heat 2 hours at 95°. Toward the last, pass a stream of 
air through the liquid until all the chlorine and bromine have been 
expelled. The decomposition takes place more rapidly if the precipi- 
tate is treated with the oxidizing mixture without drying it except by 
suction, but this necessitates the determination of the mixed silver salts 
in a separate sample. After the oxidation of the silver salts is complete, 


^ Bech, Chem.-Zig.f 39 , 405 (1915), Baubigny, Compt. rend.^ 127 , 1219 (1898). 
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dilute with 300 ml of water, filter off the asbestos, and to the filtrate add 
sodium bisulfite solution drop by drop until a faint permanent odor of 
sulfur dioxide is obtained. Filter off and weigh the silver iodide precipi- 
tate; call this weight b. In the filtrate precipitate the rest of the silver 
by adding potassium iodide. Call this weight c. Compute the per- 
centages of chlorine, bromine, and iodine as follows : 

54.066 , . 

— - — = I^er cent iodine 

A 

63.8c - 79.7 (a - h) ^ ui • 

— = per cent chlonne 

A ^ 

179.8(a - b) - 109.7c ^ , 

— = per cent bromine 

A 


Hydrocyanic Acid, HCN. Mol. Wt. 27.03 
Fonns: Silver Cyanide, AgCN, and Metallic Silver, Ag 

Free hydrocyanic acid as well as the cyanides of the alkalies and 
alkaline earths are decomposed quantitatively by silver nitrate with 
the formation of insoluble silver cyanide. 

If therefore, it is desired to determine gravimctrically the amount 
of cyanide present in an aqueous solution of hydrocyanic acid or of 
an alkali cyanide, treat the cold solution with an excess of silver nitrate, 
stir make faintly acid with nitric acid, allow the precipitate to settle, 
filter through a weighed filter, dry at 110“, and weigh. To confirm 
the result, place the silver cyanide m a porcelain crucible, burn the filter 
in a platinum spiral, add its ash to the main portion of the precipitate, 
and ignite the contents of the crucible, at first gently and finally more 
strongly but not enough to melt the silver. Cooland weigh the silver. 

By the decomposition of the silver cyanide, difficultly volatile para- 
cyanide is formed, but this is gradually burned away by igniting the 
contents of the open crucible. 

Example: Determination of Hydrocyanic Acid in Bitter-.^ond Water. Bitter- 

i j x 4. r.vQnnapn as free hydrocyanic acid and as ammoniiim cyanide, 

almond water contains cyanogen as ireenyurucjy a r « pTr/oH^rN which 

^ u'^by it if the .elution ie made mnmoniacal eftet the addition of the edvet 
nitrate and then made acid. 

The gravimetric determination of the cyanogen present is performed 
according to the method of Feldbaus- as follows: 


1 Z. anal. Chem.t 3, 34 (1864). 
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Treat 100 g of bitter-almond water with 10 ml of a 10 per cent silver 
nitrate solution, add 2-3 ml of concentrated ammonium hydroxide 
and immediately acidify with nitric acid. Allow the precipitate to 
settle, and determine the HCN as described above. 

Liebig’s volumetric method is much more satisfactory for this deter- 
mination (see Chapter XVII). 

If it is desired to determine the amount of cyanogen in a solid alkali 
cyanide, dissolve a weighed amount of the salt in water containing silver 
nitrate, and make the solution acid with nitric acid and treat the pre- 
cipitate as above. 

If the cyanide is dissolved in water before the addition of the silver 
nitrate, there is always a slight loss of hydrocyanic acid. 

Some complex cyanides are quantitatively decomposed by silver 
nitrate, e.g., those of nickel, zinc, and copper (the last only slowly); 
others such as the ferro- and ferricyanides of the alkalies (and mercuric 
cyanide) are not. 

Determination of Cyanogen in Mercuric Cyanide, Method of Rose 

Mercuric cyanide is a non-electrolyte and is consequently not pre- 
cipitated by silver nitrate, but it is acted upon by hydrogen sulfide 
with the formation of insoluble mercuric sulfide and hydrocyanic acid: 

Hg(CN)2 + H 2 S = HgS + 2HCN 

This reaction, however, cannot take place in neutral or acid solutions 
on account of the volatility of the hydrocyanic acid; it must be per- 
formed in an alkaline solution. In order to avoid the introduction of 
an excess of hydrogen sulfide into the solution, the following procedure 
is necessary: 

Treat the aqueous solution of the mercuric cyanide with about twice 
as much zinc sulfate dissolved in ammonia. If this should cause a 
turbidity, add enough ammonia to clear it up and slowly add hydrogen 
sulfide water. This causes at first a brown precipitate which becomes 
black on stirring. Continue the addition of hydrogen sulfide water 
until the upper liquid shows a pwre white precipitate of zinc sulfide. 
The zinc sulfate, therefore, serves, as it were, as an indicator, inasmuch 
as the pure white precipitate will not be formed until the mercury is 
completely precipitated. Filter off the precipitated sulfides and wash 
with dilute ammonia. The filtrate contains all the hydrocyanic acid. 
Add to it an excess of silver nitrate, make acid with nitric acid, filter, 
and determine the weight of silver in the silver cyanide as described on 
p, 301. 
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Determination of Hydrocyanic Acid and Halogen Hydride in the Pres- 
ence of One Another, according to Neubauer and Kemer^ 

Treat the solution with silver nitrate in the cold, add nitric acid to 
faintly acid reaction, and heat to coagulate the precipitate. Filter, 
dry at 130®, and in this way determine the total weight of the silver 
salts. Place a definite amount of the precipitate in a porcelain crucible, 
heat until it is completely melted, and reduce with zinc and sulfuric 
acid as described on p. 295. Dilute with water, filter off the metallic 
silver and paracyanogen, and determine the halogen in the filtrate 
according to pp. 291 ei seq. 

The above separation can be more satisfactorily effected by means 
of a volumetric process (see Chapter XVII). 

Thiocyanic Acid, HCNS. Mol. Wt. 69.08 
Forms: Cu 2 (CNS) 2 , AgCNS, BaS 04 

1. Determination as Cuprous Thiocyanate, Cu 2 (CNS )2 

To the solution of thiocyanaU?, which is neutral or slightly acid with 
hydrochloric or sulfuric acid, add 20-50 ml of a saturated solution of 
sulfurous acid, and copper sulfate solution with constant stirring until 
a slightly greenish tint is imparted to the liquid. After allowing to 
stand for a few hours, transfer the precipitate to a filtering crucible, 
wash with cold water containing sulfurous acid, then once with alcohol, 
and dry at 130® to constant weight. 

2. Determination as Silver Thiocyanate, AgCNS 

This excellent method for estimating thiocyanic acid is applicable only 
in the absence of the halogen acids or hydrocyanic acid. 

Treat the dilute solution of the alkali thiocyanate in the cold with 
a slight excess of silver nitrate solution, which has been acidified with 
nitric acid. After stirring well, filter off the precipitate into a Munroe 
crucible, wash with water, then with a little alcohol, dry at 130 , and 
weigh. 

3. Determination as Barium Sulfate 

In the absence of all other compounds containing sulfur, thiocyanic 
acid can be determined with accuracy by oxidizing it and precipitating 
the sulfuric acid formed as barium sulfate. Bromine water is the most 
suitable oxidizing agent for this purpose. Treat the alkaB thiocyanate 


' Ann, Chem. Pharm.y 101, 344 (1857). 
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solution with an excess of bromine water, heat for 30-60 minutes on 
the water bath, acidify the solution with hydrochloric acid, precipitate 
the sulfuric acid by means of barium chloride, and weigh as barium 
sulfate (see Sulfuric Acid ^0* 

Determination of Thiocyanic and Hydrocyanic Acids in the Presence 
of One Another (Borchers)^ 

In one portion determine by volumetric titration the quantity of silver 
nitrate necessary to precipitate both the acids (see Chapter XVII, Pre- 
cipitation Analyses ’’)> and in a second portion determine the weight of 
barium sulfate formed after the oxidation of the thiocyanic acid. From 
the latter weight compute the quantity of thiocyanic acid present and 
also the weight of silver nitrate that would be required to precipitate it. 
If this weight is subtracted from the weight of silver nitrate required to 
precipitate both the acids, the quantity of silver nitrate equivalent 
to the hydrocyanic acid present is obtained. 

Determination of Thiocyanic Acid together with Halogen 
Hydrides (Volhard) 

In one portion determine the thiocyanic acid as barium sulfate after 
oxidation. Heat a second portion in a closed tube with concentrated 
nitric acid and silver nitrate (Carius method,^ p. 293), filter off and 
weigh the mixture of silver halides and change to silver chloride as 
described on p. 298. Fuse a third portion with sodium carbonate and 
potassium nitrate, dissolve the alkali salts in water, and determine the 
iodine as palladous iodide (sec p. 297). From the data thus obtained, 
compute the relative quantities of the three halides (see p. 299). 

FERROCYANIC Acid, H 4 Fe(CN) 6 . Mol. Wt. 216.0 
Form : Silver Cyanide, AgCN 

The most accurate procedure for the analysis of complex cyanides is 
to determine the carbon and nitrogen by elementary analysis (which see). 

Determination as Silver Cyanide (Rose-Finkener) 

This method depends upon the fact that all salts of ferrocyanic acid 
on being heated with yellow mercuric oxide give up their cyanogen to 

^ Reportorium der anal. Chemie, 1881, p. 130. 

5 Instead of using the Carius method, the halogens and thiocyanate may be 
precipitated by silver nitrate, filtered through a Gooch crucible, dried at 160®, and 
weighed. 
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the mercury, forming soluble mercuric cyanide, while the iron is changed 
to insoluble ferric hydroxide. Thus Prussian blue is decomposed as 
follows: 

Fe 4 [Fe(CN)(,l 8 + 9HgO + OH^O = 9IIg(CN)a + 4Fe(OH), -f 3Fe(OH)i 

Treat a weighed amount of the substance with water and an excess 
of mercuric oxide. Boil until the blue color has completely disappeared, 
filter off the iron precipitate with the excess of mercuric oxide, and 
determine the cyanide in the filtrate according to p. 302. 

On filtering off the insoluble oxides, at first a clear filtrate is obtained, 
but on washing some of the precipitate usually passes through the filter. 
By washing with a solution containing a dissolved salt, preferably 
mercuric nitrate, it is possible, however, to obtain a clear filtrate. 
Even then the operation is tedious, so that it is better to dilute the 
liquid containing the precipitate suspended in it to 100 ml, and use a 
filtered aliquot of 50 ml for the determination of the cyanide according 
to p. 302. A slight error is introduced because the volume of the pre- 
cipitate is neglected, but it is largely compensated by adsorption errors. 

Soluble ferrocyanides may be determined satisfactorily by titration 
with potassium permanganate (cf. Chapter XV, “ Oxidation and Reduc- 
tion Methods ”)• For the determination of the iron and other metals, 
heat the substance with concentrated sulfuric acid, dissolve the residue 
after evaporation in water, and analyze the solution in the usual way. 


Ferricyanic Acid, H 3 Fe(CN) 6 . Mol. Wt. 216.0 

The ferricyanides are analyzed in the sameVay as the ferrocyanides. 

HYPOCHLOROUS AciD, HCIO. Mol. Wt. 62.47 

Hypochlorous acid is always determined volumetrically and will be 
discussed in Chapter XV of this book, under Oxidation Methods.’' 
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GROUP II OF ANIONS 

NITROUS, HYDROSULFURIC, ACETIC, CYANIC, AND 
HYPOPHOSPHOROUS ACIDS 

Nitrous Acid, HNO 2 , Mol. Wt. 47.02 

Nitrous acid is determined either volumetrically, gasometrically, or 
colorimetrically. The first two methods will be discussed in Parts II 
and III of the book. 

Colorimetric Determination of Peter Griess 

This method serves only for the determination of extremely small 
amounts of nitrous acid (e.g., in drinking waters), and depends upon 
the formation of intensely colored azo dyes. 

Inasmuch as azo compounds are formed only when nitrous acid is 
present, they can all be used in testing for this acid, but the different 
substances do not prove equally sensitive as reagents. Thus in the 
production of triaminoazobenzene (Bisrharck brown) not less than 

0.02 mg of nitrous acid in a liter can be detected, whereas according to 
the following procedure 0.001 mg in a liter can be detected with cer- 
tainty. To carry out the determination two solutions are necessary, 
one of sulfanilic acid and one of a-naphthylamine. Both substances 
are dissolved in acetic acid^ and prepared according to the directions 
of Ilosvay^ as follows: 

1. Dissolve 0.5 g of sulfanilic acid in 150 ml of dilute acetic acid. 

2. Boil 0.1 g of solid a-naphthylamine with 20 ml of water, pour 
off the colorless solution from the bluish violet residue, and add 150 ml 
of dilute acetic acid. 

Mix these two solutions.* It is not necessary to protect the reagent 
from the action of light, but it is desirable to keep impure air away from 
it. As long as the solution remains colorless it can be used. If it comes 
in contact with nitrous acid, which is often present in the air, the re- 

^ P. Griess used dilute sulfuric acid to set free the nitrous acid. Ilosvay showed 
that if acetic acid were used the reaction was much more sensitive. 

* BuU. chim. [2] 2 , 317. 

• Lunge, Z. angew. Chem.j 1899, Heft 23. 

306 



COLORIMETRIC DETERMINATION OF NITROUS ACID 307 


agent becomes red and must be decolorized by shaking with zinc dust 
before using. 

Besides the above reagent, it is necessary to prepare a solution of 
sodium nitrite of known strength. For this purpose add silver nitrate 
solution to a concentrated solution of commercial potassium nitrite, 
filter off the precipitated silver nitrite, and wash a few times with cold 
water. To obtain absolutely pure silver nitrite dissolve the precipi- 
tate in as little hot water as possible and quickly cool. Place the mass 
of crystals in a funnel provided with a platinum cone and, after draining 
off the mother liquor by suction, wash with a small amount of distilh'd 
water. Place the silver nitrite in a calcium chloride desiccator and 
allow to dry in the dark. As soon as it has become dry (shown by 
its having assumed a constant weight) dissolve exactly 0.4047 g in a 
liter flask with hot distilled water. Add 0.2-0.3 g of pure sodium chlo- 
ride (i.e., a little more than the theoretical amount) to convert the silver 
nitrite into silver chloride and sodium nitrito. Cool, dilute the solution 
to exactly 1 1 with pure water, shake well, and allow the precipitate to 
settle. After this, pipet off 100 ml of the clear liquid into a second liter 
flask and dilute up to the mark with water free from nitrous acid. One 
milliliter of this solution contains 0.01 mg N2O3. 

Procedure. Place 50 ml of the water to be examined in a Nessler 
tube, add 5 ml of the reagent, and mix the contents of the cylinder with 
the aid of a stirrer. Place the cylinder in water heated to 70-80®. If as 
much as 0.001 mg of nitrous acid is present in a liter of the water tested, 
the red coloration will appear within 1 minute; with relatively larger 
amounts (e.g., as much as 1 mg per liter) the solution is simply colored 
yellow, unlcvSS a concentrated solution of naphthylamine is used. 
Meanwhile in three other Nessler tubes place respectively 0.1 ml, 0.5 
ml, and 1 ml of the standard solution of sodium nitrite; dilute each with 
water up to the mark and treat with the reagent in the same way. As 
soon as a distinct red coloration is apparent, compare the colors with 
that produced by the water to be analyzed. If the color of the unknown 
water lies between two of the standards ■ e.g., between that pro- 
duced with 0.1 and 0.5 ml of the standard — then prepare three more 
standards containing, say, 0.2, 0.3, and 0.4 ml of the known solution. 
When the color of the unknown solution is matched, then the water 
contains the same amount of nitrous acid as the standard. 

If the water contains considerable nitrous acid (e.g., over 0.3 mg 
per liter), the red coloration will be so dark that the colorimetric deter- 
mination cannot be performed with certainty. In this case dilute a 
definite volume of the water with distilled water and determine the 
nitrous acid present in this diluted water. 
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Hydrogen Sulfide (Hydrosulfuric Acid), H2S. Mol. Wt. 34.08 

Fonns: Barium Sulfate, BaS 04 , Hydrogen Sulfide, H 2 S, 
and colorimetrically 

There are four cases to be considered: 

I. The determination of free hydrogen sulfide. 

II. The determination of sulfur in sulfides soluble in water. 

III. The determination of sulfur in sulfides insoluble in water but 
decomposable by dilute acids with evolution of hydrogen sulfide. 

IV. The determination of sulfur in insoluble sulfides. 

I. Determination of Free Hydrogen Sulfide 

(a) Determination of Hydrogen Sulfide in Gas Mixtures 

If it is desired to know the percentage of hydrogen sulfide present in a 
mixture of gases, the analysis is best made volumetrically (see Chapter 
XV, lodimetry ’’)> but it is possible to accomplish the same end by a 
gravimetric procedure. 

Connect the source of the gas by means of rubber tubing with a ten- 
bulb Meyer absorption tube which contains a solution of ammoniacal 
hydrogen peroxide free from sulfuric acid. Connect the other end of 
the absorption tube with an aspirator, i.e., a large bottle of about 4- to 5- 
liter capacity filled with water and closed by means of a double-bored 
stopper. Through one hole of the stopper pass a right-angled glass 
tube which reaches just below the bottom of the stopper in the bottle 
and is connected at the other end with the absorption tube. Through 
the other hole in the stopper place a glass tube reaching to the bottom 
of the bottle. Likewise bend the upper end of this tube, and connect 
with a rubber tube to serve as a siphon; on the lower end of the rubber 
tube place a screwcock. 

Before beginning the experiment, remove the air in the rubber tubing 
between the source of gas and the absorption tube by conducting the 
gas to be analyzed through it. When this is accomplished connect the 
tubing with the absorption tube. Now allow water to run slowly from 
the aspirator into a vessel graduated in liters; after 2 to 5 liters of 
the water have run out, close the aspirator by screwing up the cock on 
the siphon arm. Pour the contents of the absorption tube into a beaker, 
slowly heat to boiling, and keep at this temperature for 5-10 minutes. 
Evaporate the solution on the water bath to a small volume, add a 
little hydrochloric acid, filter the solution if necessary, and precipi- 
tate the sulfuric acid at a boiling temperature with a boiling solution 
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of barium chloride. After the precipitate has settled, filter it off, ignite 
wet in a crucible, and weigh as barium sulfate. 

Both at the beginning and end of the experiment it is necessary to 
note the temperature of the room and the barometer reading. Use 
the mean of these readings for the calculation. Compute the amount 
of hydrogen sulfide present in the gas as follows: 

The volume of water which has flowed out of the aspirator repre- 
sents the volume of the gas that has been drawn through the apparatus 
less the amount absorbed by the ammoniacal hydrogen peroxide solu- 
tion. Let V represent the volume of water in liters which has flowed 
from the aspirator and p the weight of barium sulfate found. 

Since one gram molecule of barium sulfate corresponds to one gram 
molecule of hydrogen sulfide and the latter assumes at 0® and 760 mm 
pressure a volume of 22.16 liters,^ we have: 

^ = the volume of the hydrogen sulfide absorbed in liters. 
BaS 04 

Now the volume (V) of the gas that passed through the apparatus 
was at and B mm pressure and was saturated with water vapor; 
whereas Vi refers to the dry gas at 0° C and 760 mm pressure. It is 
necessary, therefore, to reduce U to 0° C and 760 mm pressure. 

__ -- -u;)273 

" 760(273 + t) 

where w is the tension of aqueous vapor at 

The volume of the gas drawn through the apparatus is then: 

yo + Vx 

and we have: = the percentage by volume of hydrogen sulfide 

Vo Vi 

present. 


(6) Determination of Hydrogen SvlfiAe Present in Solution 

By means of a pipet measure out a definite volume of the solution 
and allow it to run into ammoniacal hydrogen peroxide while constently 
stirring with the pipet. Heat to boiling, acidify with hydrochlonc 
acid, and determine the amount of sulfate by precipitation with banum 

chloride. 


■ According to Leduc, Compt. rend., 126, 671 (1897) the density of (refe^ to 
= 1) is 1.1895, from which the gram-molecular volume is computed as 22.159. 
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n. Determination of Sulfur in Sulfides Soluble in Water 

(a) Treat the solution with an excess of ammoniacal hydrogen 
peroxide water, slowly heat to boiling, and keep at this temperature 
until the excess of the reagent is destroyed. Then precipitate the sul- 
furic acid with barium chloride and weigh as barium sulfate. 

(/3) Treat the solution with bromine water until a permanent brown 
color is obtained, heat, make acid with hydrochloric acid, and deter- 
mine the sulfuric acid as barium sulfate. 

If the solution contains thiosulfate, sulfide, and sulfate, as it is likely 
to after standing in the air for some time, precipitate the sulfide sulfur 
by means of cadmium acetate and determine the sulfur in the precipitate 
as under III, or oxidize the cadmium sulfide with either bromine water 
or fuming nitric acid, and determine the sulfuric acid formed as barium 
sulfate. 

The determination of thiosulfate, sulfide, and sulfite sulfur will be 
discussed in Chapter XV under lodimetry.^^ 

in. The Determination of Sulfur in Sulfides Soluble in Dilute Acids 

Principle. The hydrogen sulfide is evolved by treatment of the sulfide with 
dilute acid and absorbed in ammoniacal hydrogen peroxide solution as under I; 
or the hydrogen sulfide is absorbed in caustic soda solution and the sodium sulfide 
formed analyzed according to II; or finally the gas may be absorbed in a weighed 
tube containing pumice soaked with copper sulfate solution, the gain in weight 
representing the amount of gas absorbed. 

Evolution and Absorption of the Hydrogen Sulfide 

Of sulfides rich in sulfur take 0.25-0.50 g of the substance for analysis, 
and of sulfides containing less sulfur use a correspondingly larger amount. 
Place the substance in an Erlenmeyer flask (X, Fig. 42), break the con- 
nection between the flask and the receiver, and expel the air from K 
by conducting hydrogen gas through the delivery tube and out through 
the open stopcock of T. After a rapid current of hydrogen has passed 
through the apparatus for about 5 minutes, partly fill the receivers 
V and P with an ammoniacal solution of hydrogen peroxide^ (about 

' Instead of hydrogen peroxide, the receivers can contain 100 ml of 25 per cent 
sodium hydroxide solution. After the decomposition is complete transfer the con- 
tents of the receiver to a beaker, add 30-50 ml of bromine water, make the solution 
acid with hydrochloric acid, and boil while passing carbon dioxide through it until 
the excess of bromine is completely expelled. Then precipitate the sulfuric acid 
formed with a hot solution of barium chloride. Instead of oxidizing the sodium 
sulfide to sodium sulfate it can be titrated with iodine (cf. Chapter XV, ‘‘lodimetry **). 
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3-4 per cent H 2 O 2 ) ; place about 100 ml of the solution in V and 10-20 ml 
in P. 

Now connect the receiver, F, with the delivery tube from the evo- 
lution flask Kj and conduct hydrogen from T through the whole appa- 



ratus for 5 minutes more in order to remove as much as possible of the 
air from the receivers. After this, introduce about 20 ml of boiled water 
into K through T so that the substance is entirely covered, then slowly 
add 6 N hydrochloric acid to the contents of the flask and promote the 
decomposition by warming somewhat. When the evolution of the gas 
has ceased, heat the contents of K to gentle boiling and pass a slow cur- 
rent of hydrogen^ through the apparatus from T for 20 minutes j then 
remove the flame and continue the current of hydrogen for 15 minutes 
longer. At the end of this time, the hydrogen sulfide will be completely 
driven over into V.^ 

» Prepare the hydrogen from zinc and sulfuric acid in a Kipp generator. Wash 
the gas first with an alkaline solution of lead acetate to remove traces of hydrogen 
sulfide and then with water. 

» By the absorption of the hydrogen sulfide in the ammoniacal solution of hydrogen 
peroxide the latter is always colored somewhat yellow from the formation of a little 
ammonium disulfide. This yellow color can be distinctly seen in the delivery tube, 
where it dips into the solution in the receiver and later disappears owing to further 

(NHdaSa -» (NHdaSjOi (NHOaSOi (NH4)aS04 
When the color can no longer be detected, it is a sign that the greater part of the 
hydrogen sulfide has been driven over. 
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Wash the contents of the two receivers into a beaker and slowly heat 
to boiling in order to effect the complete oxidation of the thiosulfuric and 
sulfurous acids and to expel the excess of the hydrogen peroxide. Finally 
make the solution acid with hydrochloric acid and determine the sulfuric 
acid as barium sulfate. 

This method yields excellent results and can be applied to the 

Determination of Sulfur in Iron and Steel 

Sulfur occurs in irons and steels chiefly as sulfide of iron, manganese, 
or titanium and represents impurity or, in other words, enclosed slag. 
Manganese sulfide is the most commonly occurring form, and iron sulfide 
is formed only when more sulfur is present than there is manganese to 
combine with it. The occurrence of titanium sulfide is rare. 

The effect of sulfur present as iron sulfide is to make the metal red 
short, i.e., brittle at the forging temperature. The effect is overcome 
by the addition of manganese, but sometimes the manganese sulfide 
becomes rolled out into filaments and these are brittle and cause weak- 
ness. Breaks in the metal often start where there is some manganese 
sulfide; this compound is easily identified in etched specimens by its 
characteristic dove color under the microscope. The maximum permis- 
sible sulfur content is usually specified among the requirements 
of a given kind of steel. Most steels contain less than 0.05 per 
cent, but in some samples of stainless steel it may run as high as 
0.45 per cent. 

Sulfur can be determined colorimetrically by treating the steel with 
acid and causing the escaping gases to pass through a cloth which has 
been moistened with cadmium acetate solution. The estimation 
of the sulfur content is then based on a comparison of the tint 
produced with tints produced similarly with steels containing known 
quantities of sulfur. 

In ordinary routine work, sulfur in steel is usually determined by the so- 
called evolution method. (See Chapter XV.) The sample is treated with 
hydrochloric acid, and the escaping hydrogen sulfide is collected in some 
suitable absorbent, such as an ammoniacal solution of zinc sulfate or of 
cadmium chloride. The hydrogen sulfide is liberated again by treatment 
with acid and oxidized at once to free sulfur either directly by adding a 
measured volume of iodine, or indirectly by adding a measured volume of 
potassium permanganate or potassium iodate solution together with an 
excess of potassium iodide, whereby a known quantity of iodine is 
liberated. Finally the excess iodine is titrated with sodium thiosulfate. 

When great accuracy is desired, it is best to oxidize the sulfur to 
sulfate and precipitate this as barium sulfate which can be ignited and 
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weighed. Much has been written about the difficulty of obtaining pure 
precipitates of barium sulfate, especially in the presence of considerable 
ferric salt. To overcome this difficulty: (1) It has been proposed to 
remove the greater part of the iron as ferric chloride by shaking the HCl 
solution with ether. This method gives excellent results, but the pro- 
cedure is rather long and work with ether is not altogether pleasant. 
(2) Meineke recommended treating the sample of steel with a slightly 
acid solution of cupric and potassium chlorides. This leaves the sulfur 
in the residue which is filtered off, oxidized by HNOs and KClOa, and 
eventually precipitated as BaS 04 . (3) Bamber, on the other hand, 
evaporated the HNOs solution of the steel to dryness after adding some 
alkali salt, and then, by ignition over an alcohol flame, the ferric nitrate 
was decomposed and made insoluble in water while the sulfur was left 
as soluble alkali sulfate. Then, after the addition of acid, the sulfate 
was determined as barium sulfate in the usual way. 

In this book directions will be given for a simple method of carrying 
out the gravimetric determination, and in Chapter XV the evolution 
method will be described. 

Procedure. Dissolve 4.57 g of steel (100 X S)/(3 X BaS 04 ) by 
heating carefully with 50 ml of concentrated HNO 3 . If the sample dis- 
solves very slowly, add a little concentrated IICl dropwise at intervals. 
To the solution add 0.5 g of Na 2 C 03 , evaporate carefully to dryness, and 
bake for 15 minutes on the hot plate. Cool, add 30 ml of concentrated 
HCl, and repeat the evaporation and baking. Now add 30 ml of con- 
centrated HCl and evaporate to a sirup. Add 5 ml more of HCl, 20 ml 
of water, and 5 g of 20-30 mesh zinc, free from sulfur. This serves to 
reduce the iron to ferrous salt which docs not interfere as much as FeCls 
does with the precipitation of all SO 4 as pure BaS 04 . Heat on the 
water bath until all the ferric ions are reduced and the evolution of hydro- 
gen has nearly ceased. Filter and wash with about 75 ml of 0.25 N HCl, 
added in small portions. Heat to about 70"^, and add 10 ml of 10 per cent 
barium chloride solution. Allow to stand over night. F ilter through an 
ashless filter; wash 6 times with hot N HCl and then with hot water 
until free from chloride. Ignite and weigh the BaS 04 . Run a blank on 
all the reagents going through all the above operations in exactly the 
same way. To find the percentage of sulfur, multiply the weight of the 
precipitate of BaS 04 in grams by 3. 

IV. Determination of Sulfur in Insoluble Sulfides 

For this analysis the sulfur is either oxidized to sulfuric acid and deter- 
mined as barium sulfate, or the sulfide is converted into a soluble sulfide 
which is analyzed as described above. 
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The oxidation of the sulfide can take place: 

A. In the Dry Way, 

B, In the Wet Way, 

A. OXIDATION IN THE DRY WAY 

Sodium Peroxide Method^ 

Procedure. Mix 0.5 g of pyrite with 5 g of pure sodium peroxide 
and 4 g of sodium carbonate in a nickel or iron crucible. Cut an opening 
in a piece of asbestos board (at least 4 in. square) sufficiently large to 
allow two-thirds of the crucible to project below the asbestos. The 
purpose of this shield is to keep the products formed by the combustion 
of the gas from reaching the mouth of the crucible. Heat the contents 
of the crucible gently for 10 minutes so that the mass softens and bakes 
together, and then raise the temperature until the crucible is exposed 
to the full heat of the Tirrill burner for 20 minutes. 

Allow the contents of the crucible to cool and place in a small beaker 
with 150 ml of hot water. When the sodium salts are entirely dissolved, 
remove the crucible and add 5 ml of a saturated solution of bromine in 
concentrated hydrochloric acid. The purpose of the bromine is to make 
sure that the oxidation of the sulfur is complete.^ It is necessary to add 
acid, because otherwise the hot sodium hydroxide solution is likely to 
destroy the filter paper. After heating to boiling, filter the solution and 
wash the residue of ferric hydroxide free from sulfate. 

• Carefully neutralize the filtrate with 6 N hydrochloric acid, and add 
2 ml in excess. Heat the solution till all the bromine is expelled, dilute 
to 350 ml, heat to boiling, and precipitate with 24 ml of normal barium 
chloride solution which is diluted to 100 ml and added slowly while 
stirring vigorously. Filter, wash, ignite, and weigh the barium sulfate 
precipitate in the usual way (see Chapter XI). 

B. OXIDATION IN THE WET WAY 

For this purpose aqua regia, fuming nitric acid, bromine, hydrochloric 
acid and potassium chlorate, and, in some cases, ammoniacal hydro- 
gen peroxide have been proposed. 

^W. Hempel, Z. anorg. Chem., 3, 193 (1893); J. Clark, J. Chem. Soc., 68, 1079 
(1893); H6hnel, Arch. Pharm.f 232, 222; C, Glaser, Chem.’-Ztg.^ 18, 1448; Fournier, 
Rev. g&n. chim.f 1903, 77 ; List, Z. angew. Chem., 1903, 414. 

* A black residue may denote ferrous sulfide or nickelic oxide. It may be tested 
for sulfur by dissolving in hydrochloric acid and bromine and adding barium chloride 
to the diluted solution. 
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Aqua regia is most frequently used in practice and in the proportion 
first recommended by J. I^fort,' viz., 3 volumes of concentrated nitric 
acid, d 1.4, and 1 volume of concentrated hydrochloric acid, d 1.2. As an 
example we will cite the 


Sulfur in P3rrite. Method of G. Lunge 


The sample should be finely ground, but it must be borne in mind that 
rapid grinding in the air may generate enough heat to cause the oxida- 
tion of some sulfur so that an appreciable amount escapes as dioxide. 
Of the fine powder, treat 0.5 g with 10 ml of a mixture consisting of 3 
parts of 16 N nitric acid, and 1 part 12 N hydrochloric acid, in a 300-ml 
beaker which is covered with a watch glass. At first allow the acid to 
act upon the pyrite in the cold, but finish by heating upon the water 
bath. If sulfur separates, oxidize it with a very little powdered potas- 
sium chlorate. Transfer the solution to a porcelain evaporating dish 
and evaporate to dryness on the water bath. Treat the residue with 
5 ml of 12 N hydrochloric acid and again evaporate to dryness. 
Moisten the dry mass now with 1 ml of 12 A hydrochloric acid and 
100 ml of hot water, filter through a small filter, and wash the residue 
first with cold water and then with hot water. To the hot filtrate, if 
not more than 150 ml in volume, add ammonia till the odor persists 
and then 30 ml of 3 A ammonium hydroxide in excess to prevent the 
formation of any basic ferric sulfate. Keep at about 70° for 15 minutes. 
Filter off the ferric hydroxide precipitate and wash with hot water, each 
time churning up the precipitate, until a volume of about 400 ml is 
reached. Neutralize the filtrate with hydrochloric acid, using methyl 
orange as indicator, and add 1 ml of 12 A hydrochloric acid in excess. 
Heat just to boiling, and add 100 ml of boiling-hot 0.2 N barium chloride 
solution while stirring vigorously. 

Wash the barium sulfate precipitate 3 times by decantation with 
boiling water, then transfer to a filter and wash free from chlorides. 


ignite, and weigh. 

To test the ammonia precipitate for sulfur, transfer it from the filter 
into a beaker by means of a stream of water from the wash bottle and 
dissolve it by the addition of £us little hydrochloric acid as possible. To 
the resulting solution add an excess of ammonia, filter, and test the 
filtrate and washings as in the main analysis. Should any ban^ sulfate 
be obtained in this way, it should be filtered off and weighed with the 
main part of the barium sulfate precipitate. 


Remark: It is 
After washing, dry 


stiU better to filter the precipitate through a filtering crucible, 
the precipitate as much as possible by suction, place the cru- 


« J. pharm. chim., [IV] 0, 99. and Z. anal. Chem., 9 , 81. 
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cible within a larger porcelain or platinum crucible, heat gently, cool, and weigh. 

The above method gives excellent results, which as a rule agree closely with those 
obtained by the preceding method. If the pyrite, however, contained barium or 
any considerable amount of lead, some sulfate will always remain undissolved with 
the gangue. In such cases the Lunge method will give lower results but on the 
other hand it represents more nearly the quantity of sulfur in the pyrite which is 
available for the manufacture of sulfuric acid. In spite of the strong oxidizing power 
of the above mixture of nitric and hydrochloric acids, it is not sufficient to permit 
the determination of sulfur in roasted pyrite, on account of the danger of losing some 
sulfur as hydrogen sulfide. Such products should be fused with sodium carbonate 
and peroxide as previously described. 

In carrying out the Lunge method, often a little sulfur separates in dissolving the 
sample. It has been recommended that this sulfur be dissolved by adding potassium 
chlorate, but when this is done the results are likely to be high. To overcome this 
difficulty, Allen and Bishop recommend dissolving the pyrite in a mixture of bromine 
and carbon tetrachloride. The latter dissolves any sulfur that is liberated, and 
the dissolved sulfur is easy to oxidize. 

Determination of Snlfur in Pyrite. Method of Allen and Bishops 

Weigh 0.5495 g of sample, ground to pass an 80-mesh sieve, into 
a tall beaker of 300 to 400-ml capacity, and add 6-8 ml of a solution of 2 
volumes of liquid bromine in 3 volumes of pure carbon tetrachloride (free 
from sulfur). Cover the beaker and allow to stand 15 minutes at room 
temperature with occasional gentle shaking. Add 10 ml of concentrated 
nitric acid and digest in the same way for another 15 minutes. Heat at 
a temperature below 100° until all action has ceased and most of the 
excess bromine has been expelled. Raise the cover glass and evaporate 
to dryness. Cover the residue with 10 ml of concentrated hydrochloric 
acid, again evaporate to dryness, and heat the contents of the covered 
beaker for at least 30 minutes at 100°. 

Moisten the residue with 4 ml of concentrated hydrochloric acid and 
after 5 minutes dilute with 50 ml of hot water, washing the cover glass 
and the sides of the beaker. Heat until all the ferric salt is dissolved, 
and allow to cool for 3 minutes. 

Reduce the iron by adding 0.1 g of powdered aluminum, shaking 
the contents of the covered beaker to bring the metal in contact with 
all parts of the solution. Sufficient aluminum should be added to 
reduce all the iron to the ferrous condition, but any considerable excess 
is to be avoided. 

When the reduction of the iron is complete, as shown by the solution 
becoming nearly colorless, and the solution has cooled sufficiently so that 
there is no noticeable misting in the beaker, filter off the silica and the 
excess aluminum and wash with water until free from chloride. Dilute 


/. Ind. Eng. Chem., 11 , 46 (1919). 
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with cold water to a volume of 650 ml, add 5 ml of 6 AT hydrochloric 
acid, and stir thoroughly. To the cold solution slowly introduce, while 
stirring, 50 ml of cold 5 per cent barium chloride solution in single 
drops, at the rate of about 5 ml per minute. Allow the precipitate 
of barium sulfate to settle at least 2 hours and preferably over night. 
Filter, wash with cold water till free from chloride, dry, ignite, and weigh 
in the usual manner. The weight of the precipitate multiplied by 25 
gives the percentage of sulfur. 

A modification of the Allen and Bishop method, proposed by Lundell and Scherrer 
of the National Bureau of Standards, has been found excellent for determining sul- 
fur in stibnite, Sb 2 S 3 . Digest 0.5495 g of sample in a porcelain casserole with 10 ml 
of 10 per cent bromine in CCh. After 15 minutes add 5 ml of liquid bromine slowly 
and with frequent shaking. Allow to stand for at least 30 minutes with occasional 
shaking, add 15 ml of concentrated HNO3, and allow to stand at least 15 minutes. 
Now add 15 ml of concentrated HCl and allow to stand 15 minutes more. Heat 
slowly to drive off CCL, and then evaporate to sirupy consistency but do not allow 
to dry. Add 10 ml more of HCl and again evaporate to a sirup but not to dryness; 
this serves to remove all HNO3. Now add 20 ml of concentrated HCl and heat until 
all soluble matter is dissolved. Transfer to a 500-ml Erlenmeyer flask but keep the 
volume under 1(X) ml. Add 5 g of ingot iron drillings, let stand an hour, filter, and 
determine the sulfuric acid in the filtrate as in the analysis of pyrite after the reduc- 
tion with aluminum. 

Determination of Sulfur in Coal, Eschka Method^ 

If sulfur compounds are heated with a mixture of magnesium oxide and sodium 
carbonate, all the sulfur can be converted into water-soluble sulfate. It is generally 
assumed that air is the oxidizing agent and the heating is usually accomplished in an 
open dish. Recently, however, the use of a porcelain or platinum crucible has been 
advocated and the results api)ear to be equally good, which indicates that the oxida- 
tion of the sulfur may be accomplished as a result of the reduction of the carbonate. 
The magnesium oxide prevents the mass from fusing and apparently also catalyzes 
the oxidation which, however, is not so rapid as when an oxidizing flux is used. 

Prepare Eschka’s ignition mixture by mixing 2 parts of light calcined 
magnesium oxide with 1 part of anhydrous sodium carbonate, both 
free from sulfur. Mix 1 g of 60-mesh coal with 3 g of the Eschka mix- 
ture on a sheet of glazed paper. For coals high in volatile matter or sul- 
fur add 0 5 g NH 4 NO 3 to the Eschka mixture. Transfer to a porcelain, 
silica, or platinum dish, or to a spacious crucible, and cover with about 

1 g of the Eschka mixture. , , 

Heat slowly with an alcohol flame until most of the volatile matter 
has been driven off, then gradually raise the temperature and heat mth 
the full flame of the burner for 30 minutes or more, stirnng occasionally, 
until all the black particles have been oxidized. 


^ Chem. News, 21 , 261 (1870) 
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After the ignition, rinse the material into a 200-ml beaker, add 100 
ml of hot water, and digest on the steam bath for 30 minutes with occa- 
sional stirring. Filter and wash the insoluble residue thoroughly with 
hot water. The filtrate and washings should total about 250 ml. 
Add 20 ml of saturated bromine water, stir, make slightly acid with 
hydrochloric acid, and boil till the excess bromine is removed and the 
solution is colorless. To the boiling solution add dilute barium chloride 
solution (20 ml of a 5 per cent solution) and allow to stand at least 
I hour before filtering. Ignite and weigh the barium sulfate. 

C. HYDROGEN SULFIDE FROM INSOLUBLE SULFIDES 

The Iron Method} 

In 1881, M. Gr6ger showed that by heating 0..3-0.5 g of pyrite with 3 g of pure iron 
powder out of contact with the air the pyrite is quantitatively changed into ferrous 
sulfide 

FeSa 4- Fe = 2FeS 

from which all the sulfur will be given off as hydrogen sulfide on treatment with hy- 
drochloric acid. The method is suitable for the analysis not only of pyrite but also 
of ail insoluble sulfides. 

Remark. Commercial iron powder always contains a small amount of sulfur, 
so that a blank experiment must be made with a weighed amount of the powder, 
and the same quantity of iron used for the experiment proper. Subtract the amount 
of sulfur found to be present in the iron from the amount found in the analysis. 

It is not possible by this method to distinguish between the sulfur present in in- 
soluble sulfides as sulfide and that present as sulfate (barium sulfate). If the amount 
of sulfate present is small, it is completely reduced to sulfide; if a large amount of 
sulfate is present, it is often only partially reduced. As the amount of barium sulfate* 
present in insoluble sulfides is usually small, however, this method serves for the 
determination of practically all the sulfur. 

The Tin Method^ 

Principle. Almost all insoluble sulfides on being treated with metallic tin and 
concentrated hydrochloric acid give off their sulfur as hydrogen sulfide. Harding,* 
who first studied this method, used tin and hydrobromic acid. 

Procedure. In the evolution tube (Fig. 43), which is 20 cm long 
and 2.5 cm wide, place a layer of finely powdered tin (g) about 0.5 cm 
thick. Upon this place the substance enclosed in tinfoil (s) and then a 

* Rcr., 24 , 1937 (1891). 

* Only barium sulfate is reduced with difilculty; the sulfates of the heavy metals 
are easily reduced. 

»Rcr., 26 , 2377. 

*Rer., 14 , 2086. 
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lay6r of granulated tin (Z) about 6 cm deep. Pass a current of pure hy- 
drogen through the apparatus for about 5 minutes, after which close the 
stopcock and connect the tube with the receivers P and 7, as shown in 
the figure. The fiask V contains an ammoniacal solution of hydrogen 
peroxide, but P contains 2-3 ml of water 
to remove any stannous chloride that 
may be carried over with the gas. Add 
concentrated hydrochloric acid through 
the dropping funnel until the tin is at 
the most half covered with the acid. 

Heat the contents of the tube slightly, 
preferably by placing it in a small par- 
affin bath. The capsule of tin soon dis- 
solves, and the substance is seen to be 
floating in the acid. It dissolves after 
about 15 minutes, and the acid becomes 
perfectly clear. Continue heating until 
no more yellow coloration can be de- 
tected in the delivery tube which dips 
into the receiver V. Then add more 
acid to the contents of the Uibe, until 
the tin is completely covered, and heat 
for half an hour longer, meanwhile heat- 
ing the contents of P to boiling and 
passing a current of hydrogen through 
a. By this means all the sulfur^ will be driven over into V and there 
held in solution as ammonium sulfate and analyzed as described on 
p. 316. 

Remark. This method affords an accurate means for determining the sulfur 
present in insoluble sulfides as sulfide in the presence of sulfate. Thus the amount 
of pyrite in clay-slate that contains gypsum can be determined by this method, 
although usually the treatment with aqua regia or fusion with soda and niter is used. 
By these last two methods, however, the total sulfur is determined. More accurate 
vdues for the pyrite present may be obtained by decomposition in a current of 
chlorine, in which case only the sulfide sulfur is determined. 

Finally, it may be mentioned that arsenic sulfide may be decomposed by the above 
method, although a longer time is required than with pyrite, copper, chalcopyrite, 
galena, cinnabar, etc. Arsenopyrite, on the other hand, is either unacted upon or 
only decomposed with difficulty, while the iron method effects the decomposition 
with ease. 

1 With large amounts of sulfur, one receiver is often insufficient. In such cases 
connect the tube h with a P61igot tube containing ammoniacal hydrogen peroxide 
as shown in Fig. 42, p. 311. 
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Determination of Sulfur in Non-Electrolytes 

To determine the amount of sulfur present in organic compounds, 
it is oxidized to sulfuric acid and determined as barium sulfate. 

The oxidation is effected: 

(а) In the Wet Way. 

(б) In the Dry Way. 

(а) Oxidation in the Wet Way {Carius) 

This operation is conducted in precisely the same manner as was 
described on p. 293 for the determination of halogens, except that no 
silver nitrate is added to the contents of the tube. After the closed tube 
has been heated and opened, transfer its contents to a beaker, add hydro- 
chloric acid, and evaporate to a small volume in order to remove the 
nitric acid; dilute with water to a volume of about 200 ml, precipitate 
hot with a boiling solution of barium chloride, and weigh as barium 
sulfate. 

(б) Oxidation in the Dry Way (Liebig) 

Melt a mixture of 8 parts of potassium hydroxide (free from sulfate) 
and 1 part of potassium nitrate in a large silver crucible with the addi- 
tion of a little water. After cooling, add a weighed amount of the sub- 
stance and heat the contents of the crucible again very gradually, 
frequently stirring the mixture with a silver wire until the organic sub- 
stance is completely decomposed. Cool, dissolve the melt in water, 
make acid with hydrochloric acid, and precipitate the sulfuric acid 
formed. 

This method is particularly suited for the determination of sulfur 
present in difficultly volatile substances, e.g., in wood cements. 

Acetic Acid, CHs-COOH. Mol. Wt. 60.06 

Free acetic acid is always determined volumetrically. For the 
analysis of acetates, the substance is heated with phosphoric acid when 
the free acetic acid distils over and is then titrated (cf. Chapter XV, 
“ Acidimetry ”). The carbon and hydrogen of the acetate can be 
determined by elementary analysis (which see). 

Cyanic Acid, HOCN. Mol. Wt. 43.03 

The only method for examining cyanates consists in determining the 
amount of carbon and nitrogen present by a combustion (see Ele- 
mentary Analysis *'). 
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Determination of Cyanic Acid, Hydrocyanic Acid, and Carbonic Acid 
in a Mixture of Their Potassium Salts 

In one portion of the substance determine the carbonic acid by adding 
calcium chloride to the ammoniacal solution and weighing the ignited 
precipitate as calcium oxide. 

In a second portion determine the cyanogen of the cyanide as silver 
cyanide by treating the aqueous solution with an excess of silver nitrate, 
acidifying with nitric acid, and determining the weight of the silver 
cyanide as described on p. 301. 

In a third portion determine the potassium by evaporating with 
sulfuric acid and weighing the residue of potassium sulfate as described 
on p. 269. If from the total amount of potassium present the amount 
present as potassium carbonate and potassium cyanide is deducted, the 
difference gives the amount of potassium combined with the cyanic acid. 


HYPOPHOSPHOROUS ACID, H3PO2. Mol. Wt. 66.00 

Forms: Mercurous Chloride, Hg2Cl2; Magnesiiun 
Pyrophosphate, Mg2P207 

(a) Determination as Mercurous Chloride 

Treat the solution of the salt, which is slightly acid with hydrochloric 
acid, with an excess of mercuric chloride; by this means insoluble mer- 
curous chloride is precipitated. After allowing to stand for 24 hours in a 
warm, dark place filter off the precipitate through a Gooch crucible, wash 
with water, dry at 110°, and from the weight of the mercurous chlo- 
ride calculate the amount of hypophosphite present on the basis of the 
following reaction: 

JJ 3 PO 2 + 2 II 2 O -f 4 HgCl 2 = 2 Hg 2 Cl 2 + 4HC1 -f H 3 PO 4 


(b) Determination as Magnesium Pyrophosphate 

First convert the hypophosphorous acid into phosphoric acid by add- 
ing 5 ml of concentrated nitric acid to the aqueous solution of 0.5-1 g 
of the substance in about 100 ml of water, ^ evaporating on the water 
bath to a small volume, adding a few drops of fuming nitnc acid, and 
again heating. After this, precipitate the phosphonc acid by magnesia 
mixture and ammonia and weigh the precipitate as magnesium pyro- 
phosphate as described under Phosphoric Acid " m Chapter IX. 


ilf the hypophosphite were at once 
acid would be obtained ; by the addition 


treated with nitric acid, metaphosphoric 
of water the ortho salt is formed. 
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SULFUROUS, SELENIOUS, TELLUROUS, PHOSPHOROUS, CARBONIC, 
OXALIC, IODIC, BORIC, MOLYBDIC, TARTARIC, AND 
META- AND PYROPHOSPHORIC ACIDS 

SULFUROUS Acid, HzSOs. Mol. Wt. 82.08 
Form: Barium Sulfate, BaS 04 

The sulfite, or free sulfurous acid, is first oxidized to sulfuric acid and 
then precipitated with barium chloride. The oxidation can be accom- 
plished by means of chlorine, bromine, hydrogen peroxide, or potassium 
percarbonate. 

Oxidation with Chlorine or Bromine 

Allow chlorine water or bromine water to flow gradually into the 
aqueous solution of sulfurous acid, or of a sulfite; after the oxidation is 
complete, expel the excess of the reagent by boiling and precipitate the 
sulfuric acid with barium chloride. 

Oxidation with Hydrogen Peroxide^ 

Treat the solution of sulfurous acid or of a sulfite with an excess of 
ammoniacal hydrogen peroxide, heat to boiling to remove the excess of 
the peroxide, make acid with hydrochloric acid, and precipitate with 
barium chloride. 

^ With potassium percarbonate a similar procedure is used. Treat 
the cold alkaline solution of the sulfite with solid potassium percar- 
bonate, heat gently, and gradually raise the temperature till the boil- 
ing point is reached. Then make acid with hydrochloric acid and 
precipitate with barium chloride. 

Sulfurous acid may be determined very accurately by a volumetric 
analysis (cf. Chapter XV, ‘‘ lodimetry ^’). 


‘ The hydrogen peroxide should always be tested to see if it contains sulfuric 
acid; if it is found to be present, determine the amount and afterward use an ac- 
curately measured quantity for the oxidation. Deduct the amount of sulfuric acid 
from the peroxide from the total value found in the analysis. 
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Selenious and Tellurous Acids 

The analysis of these acids was discussed under '' Selenium ” and 
Tellurium.’' 


PHOSPHOROUS Acm, H3PO3. Mol. Wt. 82.00 

Forms. Mercurous Chloride, Hg2Cl2, and Magnesium 
Pyrophosphate, Mg2P207 

This determination is effected exactly like that of hypophosphorous 
acid (cf. p. 321). 

Here, however, it is to be noted that 1 mole of Hg 2 Cl 2 corresponds to 
1 mole of H3PO3: 

H3PO3 + 2HgCl2 -f H2O = H3PO4 4 - 2HC1 + HgaCU 


Determination of Phosphorous and Hypophosphorous Acids 

In this case an indirect analysis must be made. AfU‘r oxidizing one 
portion of the substance to phosphoric acid, dobninine the total phos- 
phorus as magnesium pyrophosphate; allow mercuric chloride to act 
upon a second portion and determine the weight of m(‘rcurous chloride 
formed. From these data the amount of each acid present can be cal- 
culated as follows: 

Assume that a solution containing the two acids is being analyzed. 
Ltet X denote the weight of hypophosphorous acid pres(*nt in V ml of the 
solution. 

Let m, n, 0 , and v represent the following chemical factors: 


m = 

0 = 


Mg2P2^ 

2H3P02 

2Hg2Cl2 

H3P02 


= 1.686 


= 14.30 


n = 

V = 


Mg^2Cb 

2H3PO7 


1.357 


Hg2Cl2 

H3PO3 


5.757 


Then ox is the weight of mercurous chloride produced from the hypo- 
phosphorous acid, and inx is the weight of magnesium pyrophosphate 
equivalent to the hypophosphorous acid. Further, let y represent the 
weight of phosphorous acid present in the same volume of the solution; 
then vy is the corresponding amount of mercurous chloride, and ny that 
of magnesium pyrophosphate. The total amount of the mercurous 
chloride is 5 , and the total amount of magnesium pyrophosphate is p. 
Then 

mx ny == p 
ox vy = q 
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from which it follows that 

n V 

X = q V 

on — mv on — mo 

and 

o m 

y = p q 

on — mo on — mo 


0.1401^ - 0.5943P 

1.477p - 0.1744g 


Carbonic Acid, H2CO3. MoL Wt. 62.03 

Carbonic acid is determined gravimetrically as CO 2 ; it can also be 
determined by measuring the volume of the gas or by titrating with an 
acid to determine the amount required to decompose a carbonate. 


(a) Determination in the Dry Way 

Weigh out 1-2 g of the substance into a porcelain boat, and push the 
boat into the middle of a horizontally held glass tube, about 20 cm long 
and 1-1.5 cm wide, and made of difficultly fusible glass. Both ends of 
the tube should be provided with calcium chloride tubes connected with 
it by means of tightly fitting rubber stoppers. Through one of the cal- 
cium chloride tubes pass a slow stream of air (free from carbon dioxide)^ 
and connect the other with two weighed soda-lime or Ascarite tubes 
(cf, pp. 325, 344). Heat the substance gradually until it glows strongly, 
meanwhile passing a slow but steady current of air through the appara- 
tus. When there is no further heat effect to be detected in the absorption 
tubes, allow the substance to cool in the current of air and subsequently 
weigh the tubes. The increase of weight represents the amount of carbon 
dioxide. 

Remark. This method can be employed for the analysis of all carbonates with 
the exception of those of barium and the alkalies, ^ though, of course, no other vol- 
atile acid can be present at the same time. Water is kept back by the calcium 
chloride tubes and the carbon dioxide in the air is removed by the same absorbent 
as that used in the weighed tubes. 

(b) Determination in the Wet Way 

The apparatus for this determination is shown in Fig. 44. The decomposition 
flask F should have a capacity of about 250 ml; a wide-mouthed flask such as is used 
for Soxhlet extractions is also suitable. The tube T of 8-mm diameter and about 
30 cm long acts as an efficient air condenser. If a hole is blown at the flow of 


‘ The air is previously passed through two soda-lime or Ascarite tubes. 

* Even the carbonates of the alkalies and of barium can be analyzed in this way 
if they are mixed with potassium dichromate. 
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gas from the decorapdsition flask is not impeded by condensed moisture during the 
experiment, but this is not very important. 

A and B are Erlenmeyer flasks of 100- to 125-ml capacity. A is empty, but B con- 
tains enough concentrated sulfuric acid to act as a bubble counter and to show 
whether the apparatus is tight. C is a Midvale absorption tube containing some 
drying agent such as Dehydrite^ Mg(C104)2-3H20, between cotton plugs, and D is a 
similar tube containing Ascarite (asbestos impregnated with NaOH) with cotton at 
the top and bottom. Instead of Dehydrite, calcium chloride (of the grade marked 
“ for drying tubes ”), Anhydroiie, Mg(C104)2, or Desiccloro, Ba(C104)j, can be used. 
The tube // should contain Ascarite to remove COj from the air. 




By means of K, a small screw clamp on rubber tubing which is connected with suc- 
tion, the rate of flow of gas through the apparatus can be regulated. G is another 
100- to 125-ral Erlenmeyer flask which is, at the start, about half full of normal HCl. 
H contains Ascarite. In the drawing a Midvale tube is shown at //, but a U-tube or 
any absorbing tower can be used equally well. The glass tubing that connects F and 
G should reach nearly to the bottom of each flask; it is well to make the tube a little 
narrower where it ends at the bottom of the flask F and to have the tip turned upward. 

For decomposing the carbonate, sulfuric acid, hydrochloric acid, phosphoric acid, 
perchloric acid, and chromic acid have all been recommended. In the analysis of 
baking-powders, no acid is required because water alone causes the decomposition; 
therefore the flask F must be perfectly dry at the start. 

If the substance contains besides the carbonate a sulfide which is decomposable 
with acid, introduce before A and R a tube containing pumice impregnated with 
copper sulfate.^ This serves to absorb all the hydrogen sulfide evolved. 

^ Cover 60 g of pumice pieces in a porcelain dish with a concentrated solution 
of 30-35 g of copper sulfate. Evaporate the solution to dryness with constant 
stirring, and heat the residue at 150-160° for 4-5 hours. 
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Procedure. First make sure that the apparatus tight. Have the 
flask G empty, but pour enough water in the flask F to seal the end of the 
tubing. Close the pinchcock I on the rubber tubing at the extreme left 
of the apparatus so that air cannot enter there, and make sure that all 
the rubber stoppers are inserted tightly in the necks of the four flasks. 
Open the screw clamp K a little and apply gentle suction so that at first 
about 2 bubbles of air per second will pass through the liquid in B. If 
the apparatus is tight the current of air will soon slow down. When the 
air is passing at the rate of about 1 bubble in 2 seconds, close K tightly 
and take the rubber tubing off the suction pipe. There should now be 
no movement of air through the liquids in F or B. After a few min- 
utes, carefully allow air to enter the apparatus through the tubing at I 
by squeezing the end of the tubing to the left of 1 between the thumb 
and finger and alternately releasing the pressure at 7 and between the 
fingers. If the apparatus is tight, about as many bubbles of air will 
flow through the apparatus as were withdrawn during the evacuation. 

During this testing, the tube D, which has been wiped dry with a 
clean linen cloth, should be resting in the balance case. After it has 
been there at least 10 minutes, remove the rubber tubing from the ends 
of the capillary tubing and weigh it and its contents to 0.1 mg. Weigh 
accurately 0.5-0. 6 g of carbonate into the dry flask F, and add enough 
water to seal the end of the tubing at the bottom of the flask. Con- 
nect the weighed Ascarite tube to the front end of the train, place about 
50 ml of approximately N hydrochloric acid in the flask G, and make 
sure that the pinchcock I is open. Apply gentle suction, and regulate 
the screw clamp K so that about 2 bubbles of gas per second pass 
through the sulfuric acid in B, When all the acid has been drawn from 
G into the flask F, start heating the contents of F. During the heating,, 
watch the glass tubing that connects the flasks F and G and do not let 
the liquid pass from F toward (r, as will happen if the liquid in F is 
heated too rapidly. If the liquid starts going toward G, turn down the 
flame and, if necessary, increase the suction. Finally boil the liquid in 
F for 1 minute. Then take away the flame and continue drawing air 
through the apparatus, at the rate of 2-3 bubbles per second, for 20 
minutes longer, in order to get all the CO 2 into the absorption tube D. 
After this, detach D from the train and connect the two open ends with a 
piece of rubber tubing, to prevent absorption of CO 2 from the air. 
Wipe the tube carefully with a piece of clean linen and allow it to stand 
in the balance case for 15 minutes. Remove the rubber tubing and 
weigh. The gain in weight represents absorbed CO 2 . 

Remark: The results obtained by this method are perfectly satisfactory. For 
the analysis of substances containing small amounts of carbonate, take 3-10 g for 
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the analysis. It is convenient to use another Midvale tube as a tare when weighing 
the tube D, then recording merely the difference in weight. Sulfites interfere with 
this determination, but the difficulty can be overcome by decomposing the carbonate 
with an excess of potassium dichromate solution and adding the dilute acid later. ^ 

When many analyses are to be made, it is well to use another Midvale tube in the 
train; as soon as this tube gains noticeably in weight because the absorption of CO* 
in the first tube is incomplete, use the second tube for the analysis and refill the first 
tube with Ascarite. Ascarite will absorb about 20 per cent of its weight of CO*. 

Determination of Total Carbonic Acid in Mineral Waters 

Place 3-4 g of freshly burnt lime^ and the same amount of crystal- 
lized calcium chloride'^ in each of 4 to 6 Erlenmoyer flasks. Close the 
flasks by means of tightly fitting rubber stoppers and weigh accurately. 
Take a double-bored rubber stopper of such a size that it will fit into 
the neck of each of the above flasks and through one of the holes fit a 
short glass tube which reaches about 3 cm above the stopper and the 
same distance below, and through the other hole insert a glass tube about 
50 cm long which likewise reaches about 3 cm below the stopper. To fill 
the weighed flasks with the water to be analyzt^d, take them to the spring, 
and fill one after another as follows: Replace the solid rubber stopper by 
the one fitted with the two tubes, hold the thumb over the shorter of the 
tubes, and dip the flavsk well below the surface of the water, but so that 
the longer tube still reaches into the air above. Now remove the thumb 
from the shorter tube; the spring-water will pass into the flask and the 
replaced air will escape through the long tube. As soon as the flask is 
almost full, again close the shorter tube with the thumb, remove the 
flask from the water, and once more quickly intcrcliange the stoppers. 

1 E. R. Marie, J. Chem. Soc., 96 , 1491 (1909). If it is desired to determine a small 
quantity of carbon dioxide in a gas containing considerable hydrochloric acid and 
hydrogen sulfide, use a tube containing finely divided metallic copper, instead of the 
pumice and copper sulfate, to absorb the hydrogen sulfide, and a tube containing 
p-nitrosodimethylaniline to absorb hydrochloric acid, Vernon and Whitby, J. Soc. 
Chem. Ind., 47 , 257 (1928). 

* To prepare this lime absolutely free from carbonate, place the lime in a tube 
of difficultly fusible glass and heat in a small combustion furnace, meanwhile passing 
a current of dry air free from carbon dioxide over it. In this way 4 g of commercial 
lime can be freed from carbonate in 30-45 minutes. That the carbon dioxide is 
actually removed can be shown at the end of that time by passing the escaping air 
through baryta water; there should be no turbidity. A blank experiment should 
always be made with this lime. If it is desired to use commercial lime for the deter- 
mination, determine the amount of carbonate present and use an accurately weighed 
amount for the anal 5 rsi 8 . 

*The addition of calcium chloride serves to decompose any alkali carbonate. 
This is not quantitatively decomposed by lime alone, particularly when magnesium 
carbonate is present. 
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To make sure that the solid stopper is not loosened while carrying the 
flask back to the laboratory, cover it with a piece of parchment paper, 
and tie it with string to the neck of the flask. Allow the flasks and con- 
tents to stand several days with frequent shaking. All the carbonic acid 
of the spring-water will then have reacted with the lime and be precipi- 
tated as calcium carbonate. Allow the precipitate to settle, and weigh. 
The gain in weight represents the weight of water taken. Quickly pour 
off the supernatant liquid through a plaited filter, quickly throw the 
filter and its contents into the decomposition flask, connect with the train 
shown in Fig. 44, and determine the carbon dioxide as in the previous 
method. 

This method is capable of yielding excellent results provided that the 
flasks can be filled as above described. Often, however, the spring is 
not easily accessible, so that the flasks must be filled by a different 
method and usually a small amount of carbonic acid is lost during the 
operation. A much more expeditious and accurate procedure which 
can be performed within 1 hour at the spring consists in the deter- 
mination of the total amount of carbonic acid present in mineral waters 
by measuring the volume of the gas.‘ 

Gas-volumetric Determination of Carbonic Acid 

(a) Method of 0. Fetter sson^ 

This excellent method, upon which the two following procedures 
are based, consists in evolving carbon dioxide from carbonates by the 
action of acid, collecting the gas over mercury and computing its weight 
from its volume. Pettersson's apparatus, shown in Fig. 45, was used 
by him for the determination of the carbonic acid in sea-water and in- 
carbonates, and also for the determination of carbon in iron and steel. 
The procedure for determining the carbonic acid in a water containing 
small amounts of free carbonic acid but considerable carbonate will 
suffice to show how the apparatus is used. Fill the decomposition flask K 
with distilled water up to the mark just below the side arm (the mark is 
not shown in the illustration). By weighing the flask both empty and 
with this amount of water, the volume of the flask when filled to the 
mark is obtained. Drop in a small piece of aluminum wire^ and connect 
the flask with the rest of the apparatus as shown in the figure. All the 
lubber tubing should be firmly fastened to the glass by means of wire. 
Close the cocks, a, b, and d, open c, and remove the air in the measuring 

1 Cf, the modified method of Pettersson on p. 336. 

23 , 1402 (1890). 

* At 720 mm and 15° C, 0.0142 g aluminum evolves 20 ml of moist hydrogen. 
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tube by raising M until the mercury rises in the capillary up to the cross- 
ing point. After this close c, open a, lower My and slowly open the screw- 
cock d. By this means the hydrochloric acid in iV is introduced into the 
flask K. Allow the acid to run into the flask until the upper part of the 
apparatus is reached, then close d and a. Remove the air in the measur- 
ing tube (which does not contain an appreciable amount of carbon diox- 
ide) by opening c and raising M, after which again close c. Now once 
more open a, lower A/, and heat 
the liquid in K by a flame. 

A lively evolution of gas at 
once ensues. As soon as the 
measuring tube is almost filled 
with the gas, close a, remove 
the flame from under Ky raise 
M until the mercury within it 
stands level with that in the 
measuring tube, and read its 
position in the latter. At the 
same time note the barometer 
reading and the temperature of 
the cold water which surrounds 
the measuring tube. After this 
open b and raise My whereby 
the gas passes into the Orsat 
tube 0 which contains caus- 
tic potash solution (1:2). As 
soon as the mercury has reached the juncture of the horizontal and 
vertical tubes, close b and allow the gas to remain in the Orsat tube 
for 3 minutes. Once more transfer the unabsorbed gas into the meas- 
uring tube, taking care that none of the caustic potash solution comes 
with it (the latter should not quite reach the stopcock b). After 
bringing the gas to the atmospheric pressure, read the volume of the 
gas, the thermometer, and the barometer. As a rule, these readings 
of the barometer and thermometer remain constant; otherwise it is 
necessary to reduce the gas volumes in each case to 0° C and 760 mm 
pressure. The difference between the two volumes represents the 
amount of the carbonic acid gas. Remove the unabsorbed gas through 
c and repeat this whole operation of collecting the gas and absorbing the 
carbon dioxide until finally no more gas is given off from the liquid in K. 

If it is desired to determine the amount of carbonate in a solid sub- 
stance, a smaller decomposition flask should be used. Add the alumi- 
num wire to the weighed substance and exhaust the apparatus by re- 
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peatedly lowering M, closing a, opening c, and then raising M. Finally 
allow the acid to act upon the substance and carry out the determination 
exactly as described above. 

Computation of the Analysis. Assume that from a g of substance 
V ml of carbon dioxide was obtained, which was measured moist at 
f C and B mm pressure. First of all reduce the volume to 0° C and 
760 mm pressure by the following formula: 

_ V(B-w) ‘273 
^ “ 760(273 + t) 

In this formula, w represents the tension of aqueous vapor expressed 
in millimeters of mercury. 

Since the gram-molecular volume of carbon dioxide is 22.26 1, 

1 ml CO 2 weighs 44.01/22,260 = 0.001977 g at 0° and 760 mm, and 
Vo ml weighs Vo X 0.001977 g. The percentage of CO 2 in the original 
substance is then 


Vo X 0.1977 
a 


per cent CO 2 


Remark. The addition of aluminum is absolutely necessary. By boiling an 
acid solution, carbonic acid is not completely expelled; this is effected only when a 
different gas simultaneously passes through the solution. Formerly it was customary 
to pass air through the apparatus, but Pettersson accomplished the same purpose 
by generating hydrogen within the liquid itself. 


(6) Method of Lunge and MarchlewskP 

Lunge and M archie wski carry out the determination according to 
the same principle as that of the above procedure, i.e., by simultaneously 
evolving hydrogen (aluminum and hydrochloric acid), measuring the 
gas, and absorbing the carbon dioxide by means of caustic potash in an 
Orsat tube. 

The apparatus which they recommend is shown in Fig. 46, h. It 
consists of the 4(>-ml decomposition flask A, the 140-ml measuring tube 
A, the compensation tube C, and the leveling tube B; the three last are 
connected together as shown in the figure. 

In all gas-volumetric methods, the volume of the measured gas must 
be reduced to 0® C and 760 mm pressure, which ordinarily requires a 
knowledge of the temperature and the barometric pressure. In this 
method the reduction is accomplished without paying any attention to 
the actual readings of the thermometer and barometer by means of the 
compensation tube C, which contains a known amount of air, viz., that 


1 Z. angew. Chem.y 1891, 229. 
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amount of air which in a dry condition assumes a volume of 100 ml at 
0 C and 760 mm pressure. If, therefore, this amount of air has a volume 
of y at i and atmospheric pressure P' (with the mercury at the same 



level in B and C), we know that this volume of any gas would be equal 
to 100 ml at 0° C and 760 mm pressure. By raising the leveling tube B 
so high that F' ml is compressed to 100 ml, we have accomplished the 
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reduction in a mechanical way. If, however, there is a gas volume V" 
in the measuring tube A under the same pressure as that in the compen- 
sation tube (this is the case when the mercury level is the same in A and 
C), we can reduce this volume to the standard conditions by simply 
raising B until the volume of the gas in C is just 100 ml, taking care that 
the mercury remains at the same height in the tubes A and C. The 
volume of the gas To" in A corresponds, therefore, to the volume of this 
gas at 0° C and 760 mm pressure, for it has been compressed to the same 
degree as the gas in C. This is apparent when we remember that at a 
constant temperature the product of the pressure into the volume re- 
mains a constant for any gas. 

In the compensation tube we have the volume T' at atmospheric 
pressure P', and after compression the volume becomes Vq = 100 ml 
and the pressure is Po, from which it follows that: 

(1) T'P' = Fo'Po 

In the measuring tube A, we have the volume T" at the atmospheric 
pressure P', and after compression this volume becomes Fo", and the 
pressure Po, so that 

(2) F"-P' = Fo"Po 

By dividing equation 1 by equation 2 we have: 

F'-P' __ Fo'-Po 
F"-P' Fo"*Po 
or 

V':V" = Fo':Fo" 


and Fo" is, therefore, the reduced gas volume that is desired. 

Before using the apparatus for the determination, it is necessary to 
fill the compensation tube with the correct amount of air; this is accom- 
plished as follows : 

First of all, calculate what would be the volume of 100 ml of dry air 
measured at 0® C and 760 mm pressure when measured moist at the 
temperature of the laboratory and the prevailing barometric pressure. 
To illustrate, assume t = 17.5° C; P = 731 mm; w = 14.9 (tension of 
aqueous vapor) ; then 


100 X 760 X 290.5 
273(731 - 14.9) 


112.9 ml 
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In such a case introduce 112.9 ml of air into the tube C by removing 
the stopper and lowering the leveling tube until the mercury in the 
compensation tube stands at exactly 112.9 ml. Add a drop of water by 
a pipet, immediately stopper the tube, and make an airtight seal by 
covering the tube with mercury. Then press down a rubber stopper 
containing a glass tube into D. After this the temperature and pressure 
may vary as much as it will; the reduced volume of the air in C will 
always be equal to 100 ml. 

Procedure for the Analysis. Weigh out about 0.08 g of aluminum 
wire, i.e., enough to furnish approximately 100 ml of hydrogen, into the 
decomposition flask. Add a sufficient weight of the substance to be 
analyzed so that about 30 ml and no more of carbon dioxide will be 
generated, and connect the flask with the funnel tube M, and capillary n. 
Also make connection with the tube A after it has been completely filled 
with mercury by raising B. Exhaust the air from N by lowering 
opening h so that e is connected with A, then closing h by turning it 90®, 
and carefully raising B until the mercury stands at an equal height in 
A and B; after this turn h so that A is connected with the capillary d, 
and expel the air in A. After repeating this process 3 or 4 times until 
finally only 2-3 cm of air remains in A, lower B, add the 
necessary volume of 3 A" hydrochloric acid to M, care- 
fully open h, then m until 10 ml of the acid has run into 
the flask A, when m is once more closed. The carbon 
dioxide evolution begins at once and the mercury level 
quickly falls in A. Heat the contents of the flask to 
boiling over a flame and maintain this temperature until 
all the aluminum has dissolved. During the whole 
operation the mercury level in B must be kept lower than 
that jin A. In order to transfer the gas remaining in 
the flask A into the tube A, fill M with distilled water, 
slowly open m, and allow the water to run into A until the 
stopcock h is reached, then immediately close h. Com- 
press the gas by raising the tube B until the mercury 
stands at the same height in A and C and the level in the 
latter tube is exactly at the 100-ml mark. Read the vol- 
ume of the gas. After this connect the capillary d with an 
Orsat tube filled with 10 A caustic potash (Fig. 47), drive over the gas in A 
into the Orsat tube, allow to stand 3 minutes, and transfer the unabsorbed 
gas to A, where its volume at 0® C and 760 mm pressure is determined 
as beforL The difference in the two readings represents the volume 
of the carbon dioxide, and the percentage can be computed according 
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to the formula 

V 

Per cent CO* = 0.1977 • — 
a 

in which V is the weight of carbon dioxide absorbed in the Orsat tube and 
a represents the quantity of substance taken for the analysis. 

Remark. This is the most exact of all methods for the determination of carbon 
dioxide in solid substances and is accomplished quickly. It is to be recommended 
where carbon dioxide determinations must be made daily, as, for example, in cement 
factories. It is necessary, however, to test the volume of the gas in the compen- 
sation tube from time to time to make sure that it really corresponds to 100 ml of 
air imder the standard conditions of temperature and pressure. 

For a single determination the author prefers to dispense with the compensation 
tube. In this case, however, the collected gas must be kept surrounded by water 
at a definite temperature, as in the Pettersson method, and the temperature and 
pressure must be observed. It is also well to make these readings in the above- 
described procedure, to be sure that the volume in the compensation tube has 
remained constant. 


(c) Method of Lunge and Rittenei^ 


In the decomposition flask Fig. 48, place 0.14-0.15 g of calcite, or a 
corresponding amount of any other carbonate, and fasten a small piece 

of aluminum wire, weighing about 0.015 g, to 
the neck of the flask. Allow about 1 ml of 
water to flow through the funnel, T, and then 
connect the capillary with the dry Bunte 
buret. Close the stopcock of the funnel T 
and open the two cocks of the Bunte buret. 
Connect the lower stopcock, hiy with the suc- 
tion pump, and produce a partial vacuum in 
the buret by letting the pump run 2-3 min- 
utes, after which close hi. Now, from the 
funnel T, allow 2.5 N hydrochloric acid to 
flow upon the substance until it is decom- 
posed completely; then heat the liquid to 
boiling,^ taking care that no water gets into 
the buret. Add acid from T until the alu- 
minum wire is reached and heat the flask 
again. The hydrogen now evolved serves 



1 Z. angew. Chem., 1906, 1849. 

> Carbonates, such as magnesite, dolomite, or siderite, are decomposed so slowly 
by cold, dilute acid that it may be added much more quickly than prescribed above. 
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to expel the last traces of carbon dioxide from the flask. As soon 
as all the aluminum is dissolved, add hydrochloric . acid through the 
funnel imtil the liquid reaches the stopcock A, which is then closed 
at once. Now connect the lower end, a, of the buret by rubber tub- 
ing with the leveling tube Nj which contains a saturated solution of 
common salt. By carefully opening the lower stopcock hi allow the salt 
solution to rise in the buret until the liquid there stands at the same 
height as in the leveling tube, whercuix)n the stopcock hiis closed. Allow 
the apparatus to stand for 20-25 minutes so that the temperature of the 
gas will be that of the surroundings and then, by suitably raising or 
lowering the leveling tube with ht open, read the buret, the thermometer, 
and the barometer. Fill the funnel T' of the buret with strong potassium 
hydroxide solution (1 : 2), and produce a partial vacuum in the buret by 
lowering the leveling tube and opening the stopcock hi. 

Allow the caustic potash solution to run into the buret by opening 
the upper stopcock /i, but close it before the last few drops of liquid 
leave the funnel. Mix the contents of the buret by shaldng. By 
repeating the operation it is easy to tell whether the absorption of car- 
bon dioxide has been complete. Read the residual volume \^th the 
usual precautions; the difference between the two readings gives the 
volume of the carbon dioxide.' 

Compute the weight of carbon dioxide exactly as described on p. 330, 
except that the vapor tension of the saturated salt solution amounts to 
only 80 per cent of the tension of pure water at the same temperature. 


Example; Weight of substance = a 
Volume of hydrogen + air + CO 2 = Vi 
Hydrogen + air = F 2 

CO 2 = 7i - Fj 


Temperature = 

Barometer = B mm 

Tension of aqueous vapor == w mm 

Tension of salt solution « 0.8io mm 


The volume reduced to 0® and 760 mm, is, therefore. 

(Vj - Fa) . (B - 0.8u;) 273 
(273 + t) 


Fo = 


and the percentage of CO. in the substance (see p. 330) is 

Vo X 0.1977 , 

. ** per cent OU* 

a 

For the determination of carbon dioxide in mineral waters this apparatus is not 
suiS; for this purpose Treadwell modified the Pettersson apparatus as shown 

in Fig. 49. 

iThisistrue if the temperature and pressure are the wme ^before the absojption 
of t^CO,. H not, both volumes must be reduced to 0 and 760 mm pressure before 

the difference is found. 
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(d) The Modified Method of Fetter sson 

For decomposition flasks, use 70-200 ml Erlenmeyers (according to 
the supposed amount of carbonic acid) and etch the exact capacity of 
each flask upon it. To determine this, provide each flask with a tightly 
fitting stopper of gray (not red) rubber containing one hole, through 
which the small tube R is introduced. Fuse together the bottom of R 

but near the bottom make 
a small hole. 

Push the tube R into the 
stopper until the small open- 
ing can be seen just below 
the bottom of the rubber 
stopper, and press the stop- 
per as far as possible into 
the Erlenmeyer flask full of 
water. By this means some 
of the water passes from the 
flask into the tube R, Then 
raise the latter as is shown 
in Fig. 49, h; in this way an 
air-tight seal is made. 

Remove the water in R 
by filter paper, and weigh 
the flask and contents to the 
nearest centigram. By de- 
ducting from this the weight 
of the empty flask together 
with the rubber stopper 
and Rj the weight of the 
water, i.e., the volume of 
the flask, is obtained. By 
means of a piece of gummed 
paper fastened to the flask, note the position of the lower edge of the 
rubber stopper. Empty the flask, dry, and cover the neck of the 
flask as well as the paper strip with a thin coating of paraffin wax. 
Along the edge of the paper where the bottom of the rubber stopper 
came on the flask, cut a sharp line in the wax by means of a knife and 
write the capacity upon the wax with a pointed file. Etch these lines 
upon the flask by exposing them to the action of hydrofluoric acid for 
2 minutes. Wash off the excess of the acid, dry the flask, melt the wax, 
and wipe off with filter paper. The flask is now ready to be used for the 
analysis. 
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Place about 0.04 g of aluminum in the flask, and fill it by dipping into 
the spring. When this is not possible, place a piece of rubber tubing in 
the bottle containing the water to be analyzed, so that it reaches to the 
bottom, and siphon the water into the flask for 2-3 minutes. After this, 
close the filled flask by the rubber stopper with the tube R so that the 
bottom of the stopper reaches just to the mark again. Raise the tube R 
(Fig. 49, a) and wash out the spring-water within the tube by a stream of 
distilled water from a wash bottle.^ Then connect the flask with the 
bulb tube P (of about 40-ml capacity), which in turn is connected with 
the measuring tube B. Place R in a condenser through which a stream 
of ordinary water constantly flows. Now connect the reservoir N' with 
the flask as shown in the figure and close the screwcock H. All rubber 
connections must be tightly fastened with wire. 

Exhaust the bulb P by lowering N so that the air passes into R, 
whence it is driven into the Orsat tube 0 by turning the stopcock M 
and raising N. Repeat this operation 4 times. Then remove the air 
from the Orsat tube by suction through the right-hand capillary and 
change the stopcock to its original position as shown in the figure. Now 
press down the tube R into the flask so that the small opening reaches 
below the lower surface of the stopper. 

Usually carbon dioxide is evolved immediately and at once the mercury 
in R begins to sink slowly. Hasten the evolution of the gas by gently 
heating the contents of the flask. As soon as the measuring tube is 
almost entirely filled with gas, remove the flame, close M, and bring 
the contents of R under atmospheric pressure by raising N until the 
mercury in the two tubes is at the same height, and read its position 
in R. Take the temperature of the water surrounding R, read the 
barometer,^ drive the gas over into the Orsat tube, and allow it to re- 
main there. Repeat this boiling, measuring, and driving over of the 
gas until only a slight evolution of gas can be made to take place. In 
this way all the free carbon dioxide and a part of that present as bicar- 
bonate is driven off, while that present as normal carbonate together 
with the rest of the bicarbonate remains in the flask; the liquid in the 
flask is usually turbid at this point owing to the precipitation of alkaline- 
earth carbonates. Now fill the reservoir N' with 4 N hydrochloric acid 
(1 : 2) and remove the air from the rubber tubing by raising iV' high and 
pinching the tubing with the fingers. Place the leveling tube iV in a 
low position, open //, and allow a little acid to run into K, after which H 

With water containing much carbonic acid, cool the flask and its contents by 
ice in order to prevent it from breaking. 

* If this analysis is made at the spring, it is necessary to have a sensitive aneroid 
barometer at hand. 
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is again closed. As soon as the acid reaches the contents of X, a lively 
evolution of carbon dioxide ensues, which is afterward hastened by gentle 
warming. When the measuring tube B is nearly filled, read its contents 
and drive over into the Orsat tube as before. Repeat the addition of the 
acid, etc., until finally the liquid in K clears up and the aluminum begins 
to evolve a steady stream of hydrogen, then heat the contents of the 
flask to boiling, but take care that none of the liquid in the flask is carried 
over with the escaping gas. As soon as the aluminum has completely 
dissolved, lower N and open H so that the flask is filled with the hydro- 
chloric acid solution and the last portions of the gas are carried over into 
the measuring tube B. As soon as the acid has reached the stopcock M , 
close it, and after reading the volume of the gas as before, transfer it to 
the Orsat tube. After it has remained there 3 minutes bring back the 
unabsorbed gas to B and subtract its volume from the total amount of 
gas which has been expelled from the water that was analyzed. This 
difference represents the volume of the carbon dioxide gas. By correctly 
adjusting the current of water flowing through the condenser, the tem- 
perature at which the gas is measured will remain constant dunng the 
entire experiment. 

From the volume of the absorbed carbon dioxide the percentage 
present is computed as was shown under the Pettersson method. 

Determination of Carbonic Acid in the Air 

See Chapter XV, '' Acidimetry.” 

Determination of Carbonic Acid in the Presence of Other 
Volatile Substances 

(a) Determination of Carbonic Acid in the Presence of Chlorine 

If it is desired to determine the amount of carbonate present in com- 
mercial chloride of lime, chlorine will be evolved with the carbonic acid 
on treatment of the solid substance with hydrochloric acid, so that neither 
the direct nor the indirect method will give correct results. The deter- 
mination can easily be effected by the following procedure: 

Decompose the chloride of lime with hydrochloric acid and pass the 
evolved gases (CO 2 + CI 2 ) into an ammoniacal solution containing cal- 
cium chloride.^ After allowing to stand several hours in a warm place, 
quickly filter off the precipitate, wash with water, and determine 

* Dissolve 50 g of crystallized calcium chloride in 250 ml of water, add 500 ml 
of concentrated ammonia water, and allow the mixture to stand at least 4 weeks 
before using. 
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the carbonate in the precipitated calcium carbonate by one of the usual 
methods. 

Remark. On conducting the mixture of chlorine and carbon dioxide into the 
ammoniacal solution of calcium chloride, the chlorine is changed into ammonium 
chloride with evolution of nitrogen, 8NH3 + SClj = 6NH4CI + N2, while the 
carbon dioxide is absorbed by the ammonia, forming ammonium carbonate, which 
is precipitated by the calcium chloride as calcium carbonate. 

(6) Determination of Carbon Dioxide in the Presence of Alkali 
Sulfides, Sulfites, or Thiosulfates 

Treat the solution to be analyzed with an excess of a solution of 
hydrogen peroxide containing potassium hydroxide, but free from car- 
bonate. Boil to destroy the excess of the hydrogen peroxide, concen- 
trate, and determine the carbonate preferably by the Fresenius-Classen 
method (p. 325). 


Determination of Carbon 

(1) In Iron and SteeL 

(2) In Organic Compounds, 

Carbon occurs in iron and steel as carbide, as a solid solution of car- 
bide in iron, as graphite, and as temper carbon. Iron carbide, Fe^C, 
is often called cementite. The properties of iron and steel depend not 
only upon the chemical composition of the material but also upon the 
treatment which has been given to it. Thus a steel with a given per- 
centage of carbon may be very hard if it has been cooled quickly from 
say 1000°, or it may be much softer if it has been annealed. By pol- 
ishing a piece of metal and etching the surface, it is possible to estimate 
by microscopical examination the percentage of carbon present, the 
hekt treatment which has been given to the specimen, and whether the 
material is homogeneous. In testing steel and other alloys the work of 
the chemist should go hand in hand with that of the metallographer as 
either is likely to be led astray without the other. 

Here we shall assume that steel is a binary allt)y of carbon and iron. 
This will carry us sufficiently into the field of metallography but it must 
be remembered that other elements, e.g., manganese, sulfur, silicon, 
chromium, nickel, tungsten, and vanadium, play important parte in 
modern steel-making. To understand the reasons for the various effects 
accomplished by heat treatment, it is necessary to know something con- 
cerning the laws of physical chemistry, especially the phase rule of 
Willard Gibbs. Here just a little of the theory will be touched upon. 
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The mass-action law, which has frequently been mentioned in this book, refers to 
what is called homogeneous equilibria. It governs, for example, the reaction between 
ions when everything is present in a state of aqueous solution. We say that this 
constitutes a single phase. Every homogeneous state which the components of a 
system can produce is called a phase] the phases, in other words, are the physical 
states in which the components can e)^ist. A few illustrations will help here. 

The compound H 2 O can exist as solid, liquid, or gas, and each of these physical 
states represents a phase. A mixture of NaCl and H 2 O can exist in four phases. 
If, at a low temperature, the two compounds exist side by side as solids which are 
distinguishable from one another (ice and salt), we say that two phases are present 
and the system is not homogeneous. As many solid phases can exist side by side as 
there are distinguishable solids. If we have a solution of NaCl in water, we have a 
single phase, and we say that we have a homogeneous system. If we add more water, 
more salt, or any other substance to the solution (and there is no precipitation), we 
still have but a single phase. If, on the other hand, we add ether to an aqueous 
solution, and can distinguish a line of demarcation between the two liquids, we have 
two phases. In any system there can be as many liquid phases as there are immiscible 
liquids or solutions. Gases, however, all mix with one another and constitute a 
single phase. What Gibbs did was to discover an important relation between the 
number of components, the number of phases, and the degrees of freedom of a system. 

If we study the equilibrium conditions of water with respect to its existence as 
solid, liquid, or gas, we say that we are considering a one-component system. The 
number of components is the smallest number of independently variable constituents 
required to build up the system. In studying the reaction CaCOj <=± CaO -f CO 2 
we say that we have a two-component system because any desired state can be obtained 
from suitable quantities of CaO and CO 2 and it is not necessary to have all three 
present at the start. On the other hand, it is not a one-component system because 
it is not possible to get all sorts of mixtures of CaO and CO 2 from CaCOs alone. 

In studying the equilibrium of a gas we determine pressure and temperature. 
If both temperature and pressure can be varied without changing the number of 
phases present, we have two degrees of freedom. In studying a solution of a definite 
substance in water we measure temperature and concentration, and we say that there 
exist two degrees of freedom if we can vary the temperature and concentration with- 
out causing the number of phases to change. 

The Gibbs rule is 

P-fF = C + 2 

when P is the number of phases, C is the number of components, and F the degrees 
of freedom in a state of equilibrium. 

This is a very important generalization. Let us take a few examples. If we study 
the equilibrium conditions of a one-component system such as water, we find that 
we can express all possible conditions in terms of the two variants pressure and 
temperature. At 0.0076° and 4.57 mm of aqueous pressure, we can have existing 
together in perfect equilibrium the three phases, ice, water, and water vapor. Then 
applying the phase rule we have 

3 phases + 0 freedom = 1 -|- 2 

There is no freedom to the system when ice, water, and water vapor are existing 
together in a state of jserfect equilibrium, and we have a state of invariant equilibrium. 
On the equilibrium diagram there is such a so-called triple point at 0.0076° and 4.67 
mm pressure. 
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The system salt and water can be expressed in terms of concentration of the solu- 
tion and temperature. At —22° and with about 23 per cent of dissolved sodium 
chloride, there can exist four phases in equilibrium side by side, and we have what is 
called a quadruple point. The four phases are water vapor, liquid solution, solid 
ice, and solid salt. If cither the concentration of the solution or the temperature is 
changed, one phase will disappear. For a two-component system, P -f- F = 2 -f- 2; 
and when all four phases are present together, there is no freedom and the system is 
in a state of invariant equilibrium. 

The alloys of iron and carbon can be studied on this basis. In reality the alloys 
contain more than two components, Fe and C, but it is simplest to study them on 
this basis and then find the effect that other constituents exert. Figure 50 is an 
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equilibrium diagram of iron and carbon. Temperatures are plotted as ordinates 
and concentrations of carbon as abscissas. 

In applying the phase rule to this diagram, it is assumed that the vapor phase is 
always present although to an inappreciable extent. Neglecting this phase, the rtfie 
becomes P + F = C + 1, which means that the system has no freedom, or is in- 
variantf when three solids or two solids and a liquid exist together. If the tempera- 
ture is changed, one phase disappears. The diagram shows two such points, E and 
P. At E (4.3 per cent C and 1100°) the melt can exist in equilibrium with two solids, 
called austenite and cementite. The intimate mixture of these two phases which exists 
in equilibrium with the molten metal at E is called a eutectic. Cementite is the metal- 
lographic name given to FeaC; austenite is the name given to a solid solution (mixed 
crystals) of FesC in Fe. According to its appearance under the microscope, the solid 
solution of FesC in Fe is given different names. Austenite may be assumed to repre- 
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Bent the solid solution in the state in which it exists at high temperatures. On cool- 
ing it tends to break down into iron and cementite, and the point P on the diagram 
is where an intimate mixture of Fe and FeaC, called 'pearlile, is in equilibrium with 
the solid solution of FeaC in Fe. As the austenite breaks down into Fe and FeaC, 
it passes through the stages called martensite, troostite, and sorbite. The transition 
to martensite takes place so readily that austenite is seldom found in commercial 
steels. Troostite and sorbite have been called colloidal solutions of FeaC in Fe. 

The point P on the diagram has been called the euiectoid point, but the name pearl- 
ite is commonly given to the Fe-C alloy of this composition because, when the 
annealed sample is polished and etched slightly, the “ eutectoid ” shows under the 
microscope a luster similar to that of mother-of-pearl. 

If a sample of Fe-C alloy with, say, 1 per cent of carbon is cooled slowly from the 
molten state and the temperature is plotted against the time, the rate of cooling 
will lag a little, showing an evolution of heat due to the separation of a solid, when 
the line DE is reached. The solid that separates out is austenite of the composition 
corresponding to that temperature, as is shown by drawing a horizontal line across 
to the line DB. As the temperature falls, the freezing point of the alloy follows the 
line DE and the carbon content of the solid solution follows the line DB. Since less 
than 1.7 per cent carbon is present, the only product on solidification will be austenite. 
If more than 1.7 per cent of carbon is present some eutectic will be formed at 1100®, 
the amount increasing as the C content approaches 4.3 per cent; an alloy of 4.3 
per cent C and 95.6 per cent Fe will solidify entirely at 1100° and show a melting 
point as sharp as if it were a pure compound. 

The region above the lines DEC in the diagram represents molten metal and a 
field of bivariant eciuilibrium. The region DBPF represents austenite, or solid 
solution, and another field of bivariant equilibrium. The lines FPB show where 
the solid solution should break down, and on these lines there is univariant equi- 
librium except at the point P. FP shows where pure Fe separates out until, at 700®, 
pearlite is deposited. The line BP is where FesC separates out. 

On the diagram three critical points are shown at An, Ara, and Avz. These are 
said to mark three allotropic forms of Fe: a-Fe is stable below 767®, /3-Fe between 
767® and 900®, and 7 -Fe above 900®. Carbon is soluble only in 7 -Fe, so that we may 
say that the field DBPF represents the region where a solution of C (or of FesC) 
in 7 -Fe exists. 

All the transformation points in the equilibrium diagram are found a few degrees 
higher when they are approached with rising temperature, and that is why a distinc- 
tion is made between Ari, Ar^, Arz and Aci, Ac 2 , Acj, the letters r and c referring 
respectively to the French words refroidissement and chauffage. 

A sample of steel cooled slowly so that all the transformations are allowed to take 
place should contain ferrite + pearlite if it contains less than 0.85 per cent C and 
cementite -h pearlite if it contains more than 0.85 per cent C. If the steel is cooled 
rapidly (quenched) from a temperature above the FPB line, the condition existing 
at the temperature from which the quenching took place is retained. The steel is 
in a strained state and is very much harder than if it had been allowed to cool slowly. 
If the steel is heated the transformation into the stable condition begins to take 
place before the FPB fine is reached. 

On slow cooling of irons the metal should consist of austenite -}- eutectic or ce- 
mentite + eutectic, but the FejC is not very stable and it may break down into Fe 
and C. The presence of silicon tends to hasten this change, and when the C has 
deposited as graphite we have a gray cast iron. Sulfur tends to prevent this breaking 
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down of the FeaC, and when no graphite is formed we have a white caei iron which is 
very hard and also brittle. 

This is not the place to go deeply into the metallography of iron and steel, but it 
seems desirable that every analyst should know that the condition of the carbon is 
just as important as the quantity of carbon in determining the properties of steel 
and that the heat treatment given the steel may change its properties entirely. 

The chemist distinguishes between total carbon, combined carbon, and graphite. 
In steel, usually no uncombined carbon is present; and although attempts have been 
made to distinguish between combined carbon that is present as cementite, Fe«C, 
and that present in solid solution (martensite, austenite, etc.), which has been called 
“ hardening carbon,” the total carbon is the only determination that the chemist is 
usually asked to make on steel. In the analysis of irons, usually the total carbon and 
the graphite are determined and the combined carbon is found by difference. 

In the chemical analysis of iron and steel the total carbon is usually 
obtained by combustion. In this country, this is usually done in the 
dry way with an electric furnace. In some parts of Europe a wet com- 
bustion, or oxidation by a mixture of chromic and sulfuric acids, is pre- 
ferred. For a long time it was considered desirable to remove the iron 
by volatilization in a stream of chlorine (Wohler) or by treating the metal 
with a solution of double chloride of copper and potassium (Berzelius- 
Richter), but at a temperature of 1100° it is possible to get complete 
oxidation of the sample without removing the iron, and the procedure is 
thus shortened. 

The combined carbon is sometimes determined quickly by matching 
the color of the solution obtained by dissolving the steel in nitric acid, 
but the color is not strictly proportional to the carbon content and a 
hardened steel gives a different color from that given by an annealed 
steel with the same carbon content. If speed is required, it is possible 
to determine carbon by combustion in less than 10 minutes, so that there 
is no longer any excuse for carrying out the colorimetric determination 
except in small steel works with limited laboratory equipment. 

The carbon content can be estimated quite closely by means of a microscopic 
examination of the etched, polished surface of a sample of steel. Spark testing has 
also been used. In the old days the steel was “ struck ” with flint, but later special 
grinding wheels were used which, in conjunction with carefully prepared standards, 
made it possible to estimate the carbon within a few hundredths of 1 per cent. The 
electrical-resistance or Enlund method is based upon the fact that elements dis- 
solved in iron increase the specific electrical resistance by an amount inversely pro- 
portional to their atomic weights, and carbon can be held m solid solution or thrown 
out at will in the case of steels by cooling slowly or by quenching. The difference 
between the specific electrical resistance of a properly prepared and quenched 
sample and that of the same or a similar specimen which has been annealed or 
normalized gives a factor from which the percentage of carbon can be calculated. 
Finally the magnetic method depends upon the fact that the incremental permea- 
bility of steel as measured by the deflection of a ballistic galvanometer is proportional 
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to the carbon content. Other alloying elements have a similar effect, so that this 
method of testing, which can be carried out with an instrument called the carhonv- 
eteTt is restricted to the preliminary testing of plain-carbon steels made by the 
open-hearth or by the Bessemer process. 

In classifying steels according to the carbon content, it is quite common to call 
each 0.01 per cent of carbon a point. Thus a 10-point carbon steel is one containing 
0.10 per cent carbon. 

Determination of Total Carbon by Direct Combustion in Oxygen 

Apparatus. A suitable arrangement is shown in Fig. 51 together with some parts 
that can usually be omitted. The entire set-up is called a combustion train, and the 
front end is on the right where the excess oxygen leaves the apparatus. Sometimes 
this is called the exit end. Beginning at the back end, A represents a cylinder of 
oxygen which can be purchased filled with oxygen of about 95 per cent purity and 
free from CO, CO 2 , or any other acidic gas or carbon-bearing material. If oxygen 



of this purity cannot be obtained, special provision must be made for purifying it 
in the train. B represents a reducing valve whereby oxygen can be forced at an 
easily regulated speed through the apparatus. The reducing valve must be capable 
of stepping down the pressure of the gas so that it can bo made to leave the valve 
at a pressure of not more than 2 pounds per square inch and permit a steady flow 
throughout the train. 

C represents a purifying train. With oxygen of the above-mentioned purity there 
is no need of this, but it is customary to insert here a CO 2 absorber, such as a soda- 
lime or an Ascarite tube. If the oxygen is not pure it must be passed through a tube 
loosely packed with ironized asbestos which is heated to about 600®. This causes 
combustion of CO or any other carbon compound in the gas, and the CO 2 formed 
is absorbed in a tube containing soda-lime or Ascarite. To prepare the ironized 
asbestos, saturate some well-shredded asbestos with 10 per cent ferrous sulfate 
solution, which is slightly acid with sulfuric acid, dry, and finally ignite at 1000® 
for 6 to 8 hours. 

In Fig. 51, 1 represents the preheater, 2 is an absorption tube containing soda- 
lime or Ascarite, and 3 is a drying tube containing an efficient dehydrating agent 
sUch as fused calcium chloride, Drierite, Anhydrone, phosphorus pentoxide, or 
Dehydrite. It is best to use here the same absorbents for CO 2 and H 2 O that are 
used at the other end of the train. It is important to have these gases removed with 
the same efficiency at both places. 

1 Sampling and Analysis of Carbon and Alloy Steels, Methods of the Chemists of 
United States Steel Corporation. 
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D represents a niercury trap or manometer. It serves to give a rough idea of 
the prevailing gas pressure and to prevent the backflow of gas. It is not at all 
necessary to have this manometer, but it is convenient to have some means of 
knowing that the pressure of oxygen is being maintained. This is sometimes shown 
by inserting a liquid absorbent for CO 2 or a tube containing concentrated sulfuric 
acid at the front end of the apparatus, but the use of liquids is not to be encouraged 
except at the extreme front end of the train (L in Fig. 51). 

The electric furnace is shown at E. A furnace capable of giving temperatures 
between 1000® and 1100° is satisfactory. It has been claimed that temperatures 
above 1150® are likely to cause reduction of some CO 2 before it can be taken away 
from around the boat, but experiments with temperatures as high as 1400® with a 
combustion tube at least 1.125 in. in diameter and a sufficiently rapid stream of 
oxygen have failed to substantiate this claim. The furnace should operate on 
either 110 or 220 volts. A new furnace should be heated slowly to the desired 
temperature or the refractory may crack and crumble away from the outer 
insulation. Low-temperature furnaces for operating below 1100° are generally 
wire wound and are best operated at low voltages with an alternating current 
and transformer. 

It is possible to make the furnace in the laboratory. To do this wrap the porce- 
lain combustion tube in a thin sheet of asbestos and wind around it about 1 10 turns 
(40 ft.) of No. 20 B and S gauge nichrome wire in a space of about 7.5 in. along the 
tube. Then cover the wire thoroughly with Alundum ce7nent, dry, and encase it 
in an insulating shell. This shell should be about 6 in. in diameter and 9 in. long, 
packed with asbestos pipe lagging. Close the ends with disks of Transite that 
carry the wire terminals. Laboratories where many combustions are made some- 
times require multiple furnaces carrying as many as five combustion tubes. 

At F in Fig. 51 is a rheostat whereby the temperature can be kept within the 
operating limits. With proper attachments it is possible to make the temperature 
control automatic, and this is advisable when many combustions are to be made. 

To operate a furnace without automatic temperature control a pyrometer is 
necessary as temperatures above 950® cannot be judged closely with the eye. The 
hot junction of the thermocouple should be located within the heating chamber as 
near the combustion tube as possible. With temperatures of about 1000° the 
pyrometer is not necessary except for checking the eye readings. An optical pyrom- 
eter focused on the end of the boat can be used. Gold melts at 1063®, and a 
correct operating temperature is one at which gold melts. 

The combustion takes place preferably in a combustion tube of unglazed vitrified 
clay or porcelain though some brands of fused quartz can be used up to 1200®. The 
combustion tube should be about 28 in. long and have an internal diameter of about 
1.2 in. The exit end of the tube is preferably reduced in diameter to permit con- 
nection with rubber tubing. Such a tube is shown at H in Fig. 51. The end 
of the tube remains cooler if the reduction in size is made m two steps. The inlet 
end of the combustion tube is preferably provided with a breech connector which 
can be attached to the combustion tube by plaster of paria mixed with 2 per cent 
acetic acid. Sometimes a ground-glass stopper fits this end of the tube. If a 
rubber stopper is used, it should be provided with a suitable shield against the heat 
or it should be water-cooled. Figure 52» shows a breech connector which is m^ 
of brass, has a blue-glass window, and connects to the body by a bayonet joint 
which tightens as it is turned clockwise. 

1 From H. LundeU, Hoffman, and Bright, Chemical AnalyHs of Iron and SUd. 
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If provision is made for the absorption of oxides of sulfur in front of the com- 
bustion tube, no packing is necessary. When combustions take place continuously 
at 1000-1050°, the exit end of the tube can be packed with ironized asbestos to 
remove oxides of sulfur and selenium. After about 150 combustions, the tube 
should be drawn into the furnace and heated to expel the oxides of sulfur. 



Fig. 52. Breech connector for combustion tubes. 


Boats and Lining. Boats made of porcelain, refractory clays, sheet nickel, or 
Alundum are satisfactory. The lining or bedding material for the sample is alkali- 
free Alundum of 60-90 mesh, high-grade chrome ore, or Zirkite. The chrome ore 
should be crushed, sized, washed with dilute HCl, dried, and ignited. Zirkite is the 
trade name for a preparation containing natural zirconium minerals. The boat 
and its lining should give a blank of not over 0.0005 g when heated to 1500° in oxygen 
as in a combustion. To prevent injury to the combustion tube from spattering it is 
well to use a cover for the boat which has an opening at both ends, rests entirely 
upon the lining, and is high enough to permit an unrestricted supply of oxygen to 
reach the sample. The boat is shown at / in Fig. 51. The approximate outside 
dimensions are: width, 0.75 in.; depth, 0.5 in.; and length, 4-6 in.; with walls as 
thin as practical. 

In Fig. 51, J represents a purifying train for the removal of dust, SO 2 , etc. Vari- 
ous combinations have been recommended, such as: (1) glass wool, lead dioxide, 
or zinc shot and Dehydrite; (2) precipitated neutral manganese dioxide followed by 
Dehydrite, Anhydrone, or phosphorus pentoxide; (3) a 50 per cent solution of 
chromium trioxide or a 5 per cent solution of potassium permanganate followed by 
concentrated sulfuric acid and Anhydrone; (4) a tube containing chromium trioxide 
in granular form followed by a saturated solution of chromium trioxide in concen- 
trated sulfuric acid and a tube of P 2 O 6 or the same desiccant used in the preceding 
tube. Objections have been raised against lead dioxide, zinc shot, or any liquid 
in the train, and the chemists of the United States Steel Corporation prefer neutral 
manganese dioxide which is prepared as follows: 

Dissolve 50 g of MnS 04 * 5 Il 20 in 625 ml of water, make the solution ammoniacal, 
and add 1 1 of water containing 56 g of freshly dissolved (NH4)2S208. Boil 10 min- 
utes with the addition of sufficient ammonia from time to time to keep the liquid 
ammoniacal. Allow the precipitate to settle, but, if the supernatant liquid remains 
cloudy, add 15-25 ml more of the persulfate solution and boil another 10 minutes. 
Allow the precipitate of Mn02 to settle, carefully siphon off the supernatant solu- 
tion, and wash by decantation with four 250-ml portions of hot water. Finally 
wash twice in the same way with dilute sulfuric acid and then filter through a thin 
felt of asbestos on a 2-in. filtering disk which is placed in a large funnel. Wash 
with hot water until free from sulfate, dry at 105° in a clean porcelain dish, grind 
to pass a 20-mesh sieve, and again dry thoroughly at 105°. 
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To prepare the absorption tube for sulfur-containing gases, place some ironized 
asbestos in the bottom of a Midvale tube (see Fig. 44C, p, 326) and fill within about 
an inch of the top with an even distribution of coarse and fine MnOaj then pack with 
a plug of glass wool at the top and clo^ with a one-holed rubber stopper carrying 
capillary tubing. This tube may require conditioning to prevent absorption of CO 2 . 
Place it in the combustion train just behind the drying tower, and run two blank 
determinations with a high-carbon steel sample. If the carbon result is low, repeat 
with a high-sulfur steel. One filling should last for several hundred combustions. 

K in Fig. 51 represents the weighed tube in which the carbon dioxide is absorbed. 
A Midvale tube such as is shown in Fig. 44 on p. 326 is suitable. It is filled with glass 
wool at the top and bottom, Ascarite or soda-lime, and the same desiccant as used 
in J. Fill a newly packed tube with oxygen, weigh, and run a blank with a steel 
containing a known quantity of carbon. This tube should have as counterpoise a 
similar tube which is kept near it at all times. 

L in Fig. 51 is a gas-flow indicator. Usually concentrated sulfuric acid is used, 
and the rate at which bubbles of gas pass through it shows whether there is a suf- 
ficient supply of oxygen. 

Before starting an analysis, observe the following precautions: 

1. First test to see if there are any leaks. Close the stopcock at K 
in Fig. 51, make sure that the valve at A on the oxygen tank is open 
sufficiently, and then carefully turn the needle valve at to permit 
oxygen gas to enter the train. If the apparatus is tight, it can be told 
by watching the manometer tube at D. If this is not used, leave the 
stopcock at K open and close the exit at L before opening the valve at B. 

2. Allow oxygen to pass through the furnace heated to 1000° for at 
least 15 minutes, introduce the boat with its lining of Alundum, attach 
the weighed absorption bulb , and proceed exactly as in a determination 
(see below). Weigh the tube again against its counterpoise and, if neces- 
sary, continue this heating as in a determination, until the blank is- 
within 0.0005 g. Sometimes it is well to carry out a determination with 
a Bureau of Standards sample of steel. 

Procedure. After the train has been tested and the furnace is at 
1000° weigh the absorption tube to the nearest 0.0001 g against its counter- 
poise. The absorption bulb can be of the Midvale, Nesbitt, Fleming, 
Newburgh, Vanier, Muehlberg, Richards, or Miller type; all are satis- 
factory. It is usually assumed that Ascarite is its own drier. Numerous 
experiments have shown that this is true, but in determining small 
quantities of carbon it is well to place a little Anhydrone or phosphorus 
pentoxide at the top of the bulb where the gas leaves the bulb. The 
same desiccant should be used as was placed in J of Fig. 51. A newly 
packed bulb should be filled with oxygen to replace the air and allowed 
to stand in. the balance case at least 5 minutes before weighing. The 
bulb and its filling should not weigh over 100 g, and it is best weighed 
against another tube of the same kind as counterpoise. A freshly filled 
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bulb can be used for many determinations but it should be refilled when 
half the Ascarite contents of the tube have become discolored and nearly 
white. 

Make a V-shaped groove or furrow in the bedding or lining of the 
boat, which has already been tested by the blank run, and weigh out 
1.364 g of ordinary steel or 2.727 g if the carbon content is low. These 

are factor weights; the value of the fraction — ^ is 0.2727, 

mol. weight CO 2 

and if the sample of steel weighs 1.364 g the percentage of carbon is 
found by multiplying the weight of CO 2 in grams by 20. Time is saved 
in a busy laboratory and there is less chance for making an error in cal- 
culation if a factor weight or some multiple of it is used. 

Before high temperatures were available, it was customary to add ^n 
accelerator to the charge to ensure complete combustion. With a 
furnace capable of a working temperature of 1200°, an accelerator is 
rarely necessary. Tin is the best accelerator for steels, and when 0.5 g 
of pure 20-40 mesh tin is added to the top of the charge in the boat, 
most alloy steels can be burned satisfactorily at 1050°. With very 
highly alloyed metals such as fcrrochrome, tin alone is inadequate and it 
is necessary to add some pure, hydrogen-reduced iron or 2.727 g of a 
standard sample of commercially pure iron with known carbon content. 

Spread out the sample in the groove, and over this place a suitable 
cover. Insert the boat into the back end of the combustion tube and, 
with a clean rod or piece of stainless-steel wire, push the boat forward 
about 3 or 4 in, and let it warm up there for about a minute before pushing 
it into the hottest zone of the tube. This procedure is desirable with 
tubes that are sensitive to thermal shock such as results when a cold 
boat is placed at once into the hottest part. As soon as the boat has been 
pushed to the position shown at I in Fig. 51, close the tube and turn on 
the oxygen slowly until the flow is 300 to 500 ml per minute; the larger 
flow is used in routine work where many determinations have to be made. 
The burning of the steel will be shown by a diminished flow of gas at the 
front end of the train. The combustion should be completed in 4 or 5 
minutes. Reduce the flow of oxygen to about 150 ml, and allow 7-10 
minutes to sweep out the products of combustion from the furnace. 
Then close the oxygen valve, disconnect the weighed Ascarite bulb, and 
let it stand in the balance case at least 2 minutes before weighing. The 
absorption bulb and its counterpoise, before being placed on the balance 
pans, should be momentarily opened to the air to bring the pressure 
inside to that of the air. 

Meanwhile withdraw the boat from the furnace by means of a long, 
heavy wire bent at the end, examine the contents for complete combus- 
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tion, and place in a desiccator to cool for the next charge. If the fusion 
appears incomplete, repeat the determination with a higher temperature 
or with more accelerator. It should be remembered, however, that it 
is possible to burn out all carbon from the chips without actually fusing 
them, although this may require 30 minutes or more. Results obtained 
by pulverizing the residue and reburning are usually less satisfactory 
than those obtained by starting with a new sample. 

Volumetric Method 

The apparatus and procedure are the same except that a Meyer tube 
with 8 to 10 bulbs containing excess Ba(OH )2 is used in place of the 
weighed Ascarite bulb, the flow of oxygen should be only about 150 ml 
per minute, and about 25 minutes should be allowed for burning the 
carbon and sweeping out the furnace. After the combustion, the excess 
Ba(OH )2 is titrated with standardized HCl to a phenolphthalein end 
point. The precipitated BaCOs does not dissolve until the pH is con- 
siderably lower than that at which phenolphthalein is decolorized. 

Standard Hydrochloric Acid. Mix 8 ml of concentrated HCl with 
1 1 of water and standardize as described in Chapter XIV, ‘‘Acidimetry 
and Alkalimetiy.’^ 

Standard Barium Hydroxide. Dissolve 20 g of Ba(0H)2'8H20 in 1 1 
of freshly boiled and cooled water. Filter through a large and rapid 
filter paper in a 5-in. funnel, and keep in a bottle which is provided 
with a guard tube filled with Ascarite or soda-lime and with a siphon 
attached to an overflow 80-ml pipct. To standardize this solution, take 
exactly 80 ml of it, add 25 ml of water and 2 or 3 drops of phenolphthal- 
ein indicator solution, and titrate with the standardized HCl until the 
phenolphthalein is decolorized. Add the acid slowly toward the last 
so as not to overstep the end point. 

Procedure. Weigh out the sample exactly as in the previous method 
and have it ready to be inserted into the combustion tube. Transfer 
exactly 80 ml of the standardized Ba(OH )2 solution to the 500-ml heavy 
Erlenmeyer flask shown in Fig. 53,^ avoiding contact with the air as 
much as possible. Immediately insert the rubber stopper which carries 
the Meyer bulb tube and an inlet tube for the gases from the furnace. 
Connect the inlet tube to the front end of the combustion train, and omit 
the gas-flow indicator shown at L in Fig. 51. Support the flask and the 
Meyer tube in an inclined position so that the liquid in the flask will be 
forced into the bulb tube by the gas from the furnace. Insert the boat 

^ From Lundell, Hoffman, and Bright, Chemical Analysis of Iron and Steel. The 
directions are those of the chemists of the United States Steel Corporation. 
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into the combustion tube, turn on the oxygen gradually, and adjust it 
during the combustion so that an excess of oxygen gas is always present 

and gas is constantly bubbling 
slowly through the absorption 
gas. Note the appearance of 
the Ba(OH )2 solution, which 
will become distinctly turbid 
in about 5 minutes, showing 
that oxidation of the sample 
has begun. If necessary, in- 
crease the flow of gas while the 
sample is burning and then re- 
duce it to the normal rate of 
about 150 ml per minute. 
Continue the flow of oxygen 
about 20 minutes longer, turn 
off the oxygen, and disconnect 
the absorption flask. 

Hold the flask so that the 
bulb tube is in a vertical posi- 
tion; as the solution flows into 
the flask, rinse the bulbs with 
a stream of cold water which 
is free from CO 2 , and gradually 
raise the stopper. Finally, 
when the inside of the bulb 
tube has been washed with 
about 25 ml of water and the 
bulb tube has been raised 
above the liquid, wash the out- 
side of the tube where it came 
in contact with the solution. 
Add 3 drops of phenolphthalein 
solution and titrate slowly with 
the standard HCl, agitating 
the contents enough to ensure 
complete mixing but avoiding 
shaking with air. Take the 
disappearance of color as the 
end point. Deduct the vol- 
ume required from that used 
in the standardization of the 



in Ba(OH) 2 . The flask and the tube are sup- 
ported at an angle of 45° to the table, during 
the combustion of the steel. 
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Ba(OH) 2 , and the difference gives the milliliters of HCl equivalent to 
the carbon of the sample. One milliliter of 0.1 N HCl = 0.0006000 g C. 
From the standardization value of the acid the exact value in terms 
of C can be easily calculated; the solution is approximately 0.1 N. 

It is common practice among steel chemists to standardize the HCl solution 
against a standard steel. This is not to be recommended because, when a sample of 
steel is certified to contain 0.419 per cent carbon, the values actually obtained by 
different analysts have sometimes ranged from 0.401 to 0.440, which corresponds 
to a deviation of about 10 per cent of the actual carbon content. Such an error 
would be inexcusable in a standardization of HCl against pure NazCOj. A cer- 
tified steel should be used to check a method of analysis but never for standardizing 
solutions to be used in an accurate analysis that takes place as represented by 
chemical equations. 


Determination of Graphite 

Dissolve 1 g of cast iron in 50 ml of 6 AT nitric acid in a 300-ml beaker 
and heat gently until there is no further evolution of gas. By this 
means the carbide carbon is dissolved while the graphite is not attacked. 
Filter the solution through an ignited asbestos filter; wash the residue 
with hot water, then with a hot 12 per cent solution of potassium hy- 
droxide (d 1.1), followed by hot water, dilute hydrochloric acid, and 
finally with hot water again until free from chloride. After drying at 
110°, transfer the asbestos and graphite to a combustion tube and burn 
the carbon in a current of pure oxygen as described on p. 348. 

Instead of weighing the CO 2 formed by combustion or measuring the 
volume of Ba(OH )2 required to react with the CO 2 , numerous other pro- 
cedures have been proposed. Sometimes the BaCOs is filtered out of 
contact with air, the filtered precipitate is dissolved in a measured volume 
of standard acid, and the excess acid is back-titrated with base to a methyl 
orange end point. The determination has also been based upon the elec- 
trical resistance of 200 ml of Ba(OH )2 solution before and after the 
absorption of CO 2 , and sometimes the volume of the CO 2 gas has been 
measured. In laboratories where an electric furnace is not available, 
wet combustion with CrOa, concentrated sulfuric acid, and a copper salt 
as catalyst has proved successful (see p. 352). One of the late de- 
velopments has been the simultaneous determination of the CO 2 and 
the SO 2 formed from the sulfur in the steel. Several procedures for 
doing this have been recommended. 
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Determination of Total Carbon by Wet Combustion 
The Chromic-Sulfuric Acid Method 

In this method the borings, which should be as fine as possible and free from grease, 
are treated with a mixture of chromic and sulfuric acids and heated to boiling. 
Thereby, the iron goes into solution and the carbon is oxidized to carbon dioxide. 
In spite of a large excess of chromic acid, however, some carbon is likely to escape in 
the form of hydrocarbons and carbon monoxide, unless precautions are taken. 
To prevent such losses, Sarnstrbm* recommended leading the escaping vapors over 
copper oxide in a combustion tube,* 80 cm long, which is heated in a combustion 
furnace. Many experiments have shown that the method of Saxnstrom gives exact 
results, although objection has been raised to the long combustion tube that is 
required. 

Corleis has succeeded in simplifying the method by showing that a very short 
combustion tube, filled with copper oxide and heated by a single Bunsen flame, 
suffices if the sample is covered with a coating of copper during the treatment with 
chromic and sulfuric acids. In fact, the use of the combustion tube is unnecessary 
in an ordinary steel analysis, because only 2 per cent of the total amount erf carbon 
present is lost in this case. In the analysis of ferromanganese and similar alloys, 
however, the use of the hot tube is to be recommended. 

Ledebur* even found that the results obtained with irons, rich in graphite were 
a little too high on account of the formation of some sulfur dioxide, but this error 



can be overcome by passing the gases through chromium trioxide just before they 
enter the combustion tube. 

The apparatus required is shown in Fig. 54 and consists of a Corleis decomposition 
flask A with condenser. 

* Sarnstrom, Berg- und Huttenm. Ztg.^ 1886 , 82, and Corleis, Siahl u, Eisen^ 
1894 , 581. With ferromanganese the loss amounts to 22.5 per cent of the total 
carbon, with steel 9 per cent. With ferromanganese the escaping gases contain, 
besides carbon dioxide and traces of heavy hydrocarbons, 18 per cent methane, 
76 per cent hydrogen, 3 per cent oxygen, and 2 p>er cent carbon monoxide. 

* A small tube of glass, quartz, or porcelain filled with copper oxide or platinized 
asbestos. 

* Leitfaden fur EisenhiiUertrLaborat, 
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The flask is connected, as shown in the drawing, on one side with a soda-lime 
tower, Wt at the bottom of which is placed a little concentrated caustic potash solu- 
tion, and on the other side with a system of tubes. The tube B is about 10 cm long 
and contains chromium trioxide between 2 asbestos plugs. The tube C is 15 cm 
long, is made of difficultly fusible glass, and filled with granular cupric oxide. It is 
placed in a little box made of asbestos paper. The tubes o, b, c, d, e, and / are filled 
exactly as described on p. 347. Tubes a, 6, and c are drying tubes, the first contain- 
ing glass beads wet with concentrated sulfuric acid, the other two containing calcium 
chloride; d and e are glass-stoppered soda-lime tubes, the upper third of the right- 
hand arm of each containing calcium chloride; / is a safety tube which is not weighed, 
but is used to avoid any chance of carbon dioxide or moisture entering the weighed 
tubes from the air. 

Reagents. 1. A saturated solution of pure chromic acid anhydride CrOs free 
from organic matter. Some samples marked “chemically pure" have been found to 
contain organic impurity. 

2. A solution of copper sulfate made by dissolving 200 g of the salt in 1 1 of 
water. 

Procedure. Remove the ground-glass stopper a, and through the 
opening pour 25 ml of chromic acid solution, 150 ml of copper sulfate 
solution, and 200 ml of concentrated sulfuric acid into the flask, A, 
and mix. Heat the mixture in the flask to boiling and keep at this 
temperature for 10 minutes. Then remove the flame and pass a cur- 
rent of air free from carbon dioxide through the apparatus for 10 min- 
utes at the rate of about 3 bubbles per second. Connect the flask with 
the tube R, the red-hot copper oxide tube, and with the U-tubes,^ while 
continuing the current of air for 5 minutes more. Remove the soda- 
lime tubes d and e, close, and allow to stand 10 minutes in the balance 
room. Open for a moment, quickly close, wipe dry with a piece of cham- 
ois skin, allow to stand 5 minutes in the balance-case, and then weigh. 

By means of this preliminary boiling, traces of organic matter con- 
tained in the apparatus arc removed. 

After weighing the soda-lime tubes, connect them again with the 
apparatus, open the decomposition flask, and quickly drop in 0.5-5 g 
of the weighed substance, according to the amount of carbon present, ^ 
from a weighed glass-stoppered weighing tube, which is subsequently 
weighed again to determine the amount of sample. Immediately close 
the flask and heat the copper oxide tube to glowing, after which slowly 
heat the contents of the flask so that after 15-20 minutes the liquid be- 
gins to boil. Keep the solution boiling for 1 or 2 hours while passing a 
slow current of air through the apparatus. Then remove the flame, and 

1 Corleis used phosphorus pentoxide for a drying agent, but calcium chloride is 
satisfactory; cf. p. 325. 

* For cast iron 0.5 g suffices but for steel from 1 to 2 g and for wrought iron 5 g 
should be used. 
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pass about 2 1 more of air through the apparatus. Then remove the 
soda-lime tubes and weigh as. before. 

Since the use of the copper sulfate solution prevents the loss of more 
than about 2 per cent of the total amount of carbon present, it is evident 
that the combustion tube can be dispensed with for technical purposes. 

Determination of Carbon and Hydrogen in Organic Substances, 
according to Liebig 

{Elementary Analysis) 

Principle. The organic substance is burned in air or in oxygen and the products 
of the combustion are passed over glowing copi>er oxide, which oxidizes all the 
carbon to carbon dioxide and the hydrogen to water. The water is collected in a 
weighed calcium chloride tube or sulfuric acid worm, the carbon dioxide in a weighed 
vessel which contains either caustic potash solution, soda-lime of 2 per cent moisture 
content and phosphorus pentoxide, or Ascarite (asbestos impregnated with NaOH). 
Instead of the gas combustion furnace described here, many prefer to use an electric 
furnace. 

The combustion is performed 

(a) In an open tube, 

(b) In a closed tube. 

Combustion in an Open Tube 

Most combustions take place in a tube open at both ends, and usually 
a furnace heated by gas or electricity and a glass tube are used. The 
progress of the combustion can be watched through the glass, and a long 
horizontal column of copper oxide ensures the complete combustion of the 
carbon. It is possible in many cases to use an electric furnace and carry 
out the combustion much more rapidly than heretofore. With the 
electric furnace, it is easier to get a constant temperature sufficient to 
burn the substance completely, and with soda-lime of the best grade 
or with Ascarite there is less danger of carbon results being too low. 
With the Geissler bulb and caustic potash solution, the rapid passage 
of gas causes volatilization of some of the water too fast to be absorbed 
by a short drying tube attached to the absorption bulb. 

Pregl has shown that it is possible to simplify the process greatly 
by taking a smaller weight of substance and using a miniature appa- 
ratus. This requires a more sensitive balance than is ordinarily used. 
PregFs argument that it is easier to get a perfect combustion with a small 
quantity of substance than with a larger quantity and that it is possible 
to realize the necessary refinement in weighing, is a perfectly sound one 
and many chemists are enthusiastic about the results obtained with the 
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so-called micro apparatus. Pregl finds that the technique is easier 
for a beginner to master. For combustion in the old-fashioned way 
there are the following 

Requirements. (1) An open tube made of difficultly fusible glass which is from 
12 to 15 mm wide. The length of the tube depends upon that of the combustion 
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furnace; it must be 10 cm longer than the furnace. (2) 350 g of coarse and 60 g 
of fine copper oxide. (3) A drying apparatus (Fig. 55 on the left). (4) A cal- 
cium chloride tube (Fig. 56). (5) A Geissler potash bulb (Fig. 57), or two soda-lime 



Fig, 56. 



Fig. 57. 


tubes or, best of all, an Ascarite bulb. (6) A screwcock. (7) Dry rubber tubing. 
(8) Two plates of asbestos board to protect the rubber stoppers in the two ends of 
the tube from the heat of the furnace. 


Procedure for the Combustion of Organic Substances Free 
from Nitrogen, Halogen, Sulfur, and Metals 

Preparation and Combustion 

1. Fill the calcium chloride tube (Fig. 56) from the left side, close with 
a plug of glass-wool, and fuse together the end of the tube, as shown in 
the figure.^ It is more practical to use a calcium chloride tube fitted 
with ground-glass stoppers. After filling the tube, saturate with carbon 
dioxide, to react with any free lime in the reagent. 

1 Or the tube is stoppered and an air-tight seal made by covering it neatly with 
sealing wax. 
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Rub the outside of the tube with a piece of chamois skin, and 
stopper the two ends with ^hort pieces of rubber tubing each con- 
taining a piece of stirring rod. Allow the tube to stand in the bal- 
ance case for 15 minutes and then weigh without the stoppers. 
Instead of calcium chloride, other drying agents can be used to advan- 
tage (cf. p. 325). 

2. Fill the Geissler bulb (Fig. 57) with caustic potash solution (2 parts 
solid KOH in 3 parts of water) as follows: Replace the small soda-lime 
tube d by a piece of rubber tubing, dip c into the solution of caustic 
potash, and fill the bulbs two-thirds full by sucking through the rubber 
tubing. Then clean the end of the tube c with a piece of filter paper, 
again connect the tube d (half filled with soda-lime and the outer 
half with calcium chloride), and close the two ends with pieces of 
rubber tubing each containing a piece of stirring rod with rounded ends. 
Wipe the apparatus with chamois and weigh without the stoppers, 
taking the same precautions as with the weighing of the large calcium 
chloride tube. A tube filled with solid Ascarite is much better than a 
Geissler tube with caustic potash. The prolong d in Fig. 57 does not 
retain all the moisture that escapes from the solution during rapid pas- 
sage of the gas. 

3. The drying apparatus (Fig. 55, on the left), which serves to free 
the air and oxygen used for the combustion from carbon dioxide and 
water vapor, consists of a wash bottle, D, containing concentrated 
caustic potash solution, the soda-lime tube a, and the 2 calcium chloride 
tubes b and c. 
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Fig. 58. 

4. The combustion tube (Fig. 58), both ends of which are fire polished 
by heating in the blast lamp; after cooling, wash the tube, dry, and fill 
as follows: First place a short roll, ky of copper gauze at the right- 
hand end of the tube so that 5-6 cm of the tube are left empty. This 
roll serves as a plug and must, therefore, fit tightly in the tube. Next 
add a layer of coarse copper oxide, FC, about 45 cm long, and after this 
place another plug of copper gauze, k'. Finally insert another roll of 
copper gauze, d, about 10 cm long and large enough to fill the tube 
loosely, so that a space of about 10 cm is left on the right and about 5 cm 
on the left. Place the tube in the combustion furnace, so that about 
5 cm extend beyond the furnace at each end, as shown in Fig. 55. Close 
the left end of the tube with a tightly fitting rubber stopper through 
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which a glass tube passes, and connect with the drying apparatus by 
means of a short piece of rubber tubing. (The tube should be pro- 
vided with a glass stopcock, which is shown in Fig. 58, a, but which is 
lacking in Fig. 55.) The right end of the tube is left open for the time 
being. 

Pass a slow current of oxygen^ through the apparatus and light the 
furnace. At first turn the flame low and heat the whole tube equally. 
Gradually raise the temperature, until, with the tiles covering the tube, 
the copper oxide is at a dull red heat. 

Usually some water condenses in the right-hand end of the tube; 
expel this by carefully holding a hot tile under the tube. When all the 
water is removed, and the presence of oxygen can be detected at the 
right end of the tube (by its igniting a glowing splinter), close this 
end of the tube with a rubber stopper connected to an open calcium 
chloride tube. Now turn down the burners and discontinue the oxy- 
gen current. Extinguish all the flames after some time except those 
under the right half of the tube. 

While the tube is cooling, weigh the calcium chloride tube and the 
lX)tash bulb (or soda-lime tubes), replacing the stoppers immediately 
after the weighing, and weigh 0.15-0.2 g of the substance into a porce- 
lain boat. 

If the substance is a difficultly volatile oil weigh it from a small glass 
tube open at one end. If it is readily volatile, blow a small bulb on a 
piece of narrow glass tubing and draw out the open end into a small 
capillary tube; weigh this, heat the bulb, and introduce the capillary 
into the liquid to be analyzed, so that the liquid rises in the bulb as it 
cools. Then turn the bulb so that the capillary lies in a horizontal 
position, heat slightly to expel a little liquid that adheres to the sides 
of the tube, melt the end together, and again weigh the tube. Take 
care that there is no liquid in the capillary. Everything is now ready 
for the combustion. Remove the stopper from the left (and now cold) 
end of the combustion tube; remove the long copper roll by means of 
a piece of wire with a hook in the end of it; place the boat with the sub- 
stance in it in the tube and the copper roll right after it. Make con- 
nection with the drying apparatus on the left and with the absorption 
tubes on the right, as is shown in Fig. 55. If the substance is a liquid, 
place the bulb containing it so that its capillary is pointed towards 
the left, and with a volatile liquid break off the end of the capillary 


1 The oxygen must be free from hydrogen. Commercial oxygen often contains 
hydrogen; if so, it is necessary to pass the gas through a “ preheating ’* furnace 
before using it. Cf. p. 344. 
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with a file just before introducing it into the combustion tube. Close 
the stopcock between the tube and the drying apparatus, connect the 
latter with an air-gasometer, and open wide the stopcock in the drying 
apparatus and that between the drying apparatus and the combustion 
tube just enough to permit 2, or at the most 3, bubbles of gas per sec- 
ond to pass through the apparatus. Light the two outer burners on 
the left and heat the copper oxide spiral d (the copper was changed to 
the oxide by the ignition in oxygen) just to redness. Gradually heat 
the tube from right to left, taking care that the gas evolution is never 
greater than 4 bubbles per second through the potash bulb; this can be 
easily regulated by means of the stopcock or by turning the gas-burners. 
When the contents of the entire tube have been brought to redness, 
with the tiles in place, and the boat is empty, the combustion is usually 
complete. It is well, however, to pass oxygen through the hot tube 
until the gas can be detected at the right-hand end of the combustion 
train (a glowing splinter ignites at n)} Then turn down the flames 
and pass a current of air through the apparatus until the oxygen is 
completely expelled. A little water always collects in the front (right) 
end of the tube, and this must be driven over into the calcium chloride 
tube by holding a hot tile under it. Now remove the calcium chloride 
tube and the potash bulbs, wipe off with a piece of chamois skin, allow 
to stand in the balance room for 20 minutes, and weigh without the 
stoppers. The gain in weight represents the amount of water and car- 
bon dioxide respectively, and from this the amount of hydrogen and 
carbon can be calculated. 

Remark. The combustion may be accomplished as described for the deter- 
mination of carbon in steel but with the following precautions: 

1. Place plugs of , copper gauze and a layer of copper oxide in the front end of the 
furnace as described above, but use less copper oxide because of the shorter furnace. 
Before the combustion heat in oxygen to convert the copper to copper oxide, as 
described above, and to burn any dust in the tube. 

2. Do not use more than about 0.1 g of substance, and cover it with about 2 g 
of copper oxide powder. Use a slower stream of oxygen as only about 12 ml is 
required for complete combustion. 

3. Have the combustion tube well cooled before introducing the boat with the 
substance and heat the front end of the tube first by moving the tube so that the 
part containing the boat is outside the furnace. When the front end of the tube is 
hot, place the tube in its normal position. 

4. Use the absorption train as described above, but substitute a Midvale or Flem- 
ing tube filled with Ascarite as described on p. 347. 


^ To prevent moisture from getting into this tube from the air, it is well to connect 
it with an unweighed calcium chloride tube. 
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Determination of Carbon and Hydrogen in Nitrogenous 
Organic Substances 

By the combustion of many organic substances containing nitrogen, 
especially nitroso and nitro compounds, oxides of nitrogen are formed 
which are partly absorbed in the calcium chloride tube and partly in 
the potash bulb, so that if such substances were analyzed according to 
the previous process, both the carbon and hydrogen results would be too 
high. If, however, a reduced copper spiral is introduced in the front 
(right) end of the combustion tube, this serves to reduce the oxides of 
nitrogen to nitrogen itself, and, as nitrogen is not absorbed, correct 
results will be obtained. 

Prepare the copper spiral by rolling together a piece of copper gauze 
about 10 cm wide, making it as large as will conveniently pass into 
the combustion tube. Heat the spiral till it glows by holding it in a 
large gas flame, and while still hot drop it into a test tube containing 1 
or 2 ml of methyl alcohol. The alcohol quickly boils away, but some of it 
is oxidized to aldehyde by the hot copper oxide, which is reduced com- 
pletely to bright metallic copper. Take out the spiral with a pair of 
crucible tongs and dry by quickly passing it through a flame a few times, 
and while still warm introduce it into the front end of the combustion 
tube, which has been previously burned out as described in the previous 
analysis. 

To carry out the combustion, close the stopcock between the com- 
bustion tube and the drying apparatus (Fig. 55), insert the substance 
into the tube, and first heat the copper oxide spiral at d and then the 
reduced spiral at the other end of the tube. Then, beginning at k 
(Fig. 58), light one burner after another, until finally the entire contents 
of the tube are heated to dull redness and no more bubbles escape 
through the potash bulb. Now for the first time open the stopcock 
somewhat and pass oxygen through the tube until it can be detected 
at n, by a test with a glowing splinter. Then gradually turn down the 
flames, replace the oxygen by air, and complete the analysis as in the 
previous case. 

Substances hard to burn are treated somewhat differently. First of 
all fill the back end of the combustion tube (Fig. 58) with the aid of the 
funnel T (Fig. 59), with fine, granular, but not pulverized, copper oxide, 
and ignite this in a stream of oxygen. Replace the oxygen by air and 
allow the tube to cool until it can be held in the hand. Next transfer 
the fine, granular copper oxide to the small flask Ky Fig. 60, and close 
the flask by inserting a tinfoil-covered cork, fitted with a calcium 
chloride tube. While the copper oxide in the flask is becoming per- 
fectly cold, weigh the substance to be analyzed into the glass-stoppered 
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mixing tube M, Fig. 61. Transfer from one-sixth to one-fifth of the 
copper oxide in the flask to the mixing tube, stopper, and shake the 
contents well, whereby the substance becomes intimately mixed with 
the copper oxide to which it adheres. Transfer the mixture back to the 
combustion tube, and shake the mixing tube repeatedly with small 



Fig. 59. 



portions of the remaining copper oxide in the flask until finally it can 
be assumed that all the substance has been transferred to the combustion 
tube. Then carry out the combustion in the usual manner.^ 


Combustion of Organic Substances Containing Halogens 

The analysis is conducted exactly the same as for nitrogenous sub- 
stances, except instead of a reduced copper spiral one of silver is used 
to keep back any halogen. The silver spiral should not be heated to 
redness, but only to about 180-200®. If a silver spiral is not at hand, 
use a long copper spiral, its end reaching outside the furnace. 

^ For another method of conducting a combustion in an open tube, consult 
M. Dennstedt, Z. anal. Chem., 40, 611 (1903). 
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Combustion of Organic Substances Containing Sulfur 

Sulfur compounds ca^nnot be burned in a tube containing copper 
oxide, for the sulfur dioxide escapes and is partly absorbed by the 
water in the calcium chloride tube and partly in the potash bulb, so 
that absolutely worthless results are obtained. Instead of the long 
layer of copper oxide, use one of ignited lead chromate; this oxidizes 
the sulfur dioxide to sulfur trioxidc, forming difficultly volatile lead 
sulfate which remains in the tube. When lead chromate is used, the 
combustion must take place at a lower temperature than with copper 
oxide, for the chromate melts easily, and by adhering to the glass is 
likely to cause the tube to break. 

Combustion of Organic Substances Containing Metals 

If the substance contains alkalies, alkaline earths, or cadmium, a 
part of the carbon will remain in the tube as carbonate. In this case 
mix the substance in the boat with a mixture of 10 parts of powdered 
lead chromate and 1 part of potassium chromate, and conduct the 
combustion as when sulfur is present. 

Dumas’ Method for Determining Nitrogen in Organic Substances 

This determination should really be discussed in Chapter XIX, but it will be de- 
scribed here on account of its being an analysis by combustion. 

Principle. The substance is burned in a combustion tube, free from air, which 
contains copper oxide and copper spirals exactly as in the determination of the 
hydrogen and carbon in substances containing nitrogen, but in this case the volume 
of the nitrogen evolved is measured. 

Procedure. This determination may be carried out in either a 
closed or an open tube. 

(a) Determination of Nitrogen in a Closed Tube 

The necessary apparatus is shown in Fig. 62. The combustion tube 
is closed at one end and is about 75 cm long. It contains at M a layer 
of magnesite or of manganese carbonate 15 cm long, in pieces about 
the size of a pea, followed by a loose plug of ignited asbestos and then 
a 10-cm layer of coarse copper oxide, S. Add the substance at a in a 
boat and mix with powdered copper oxide by means of a spiral wire 
(cf. p. 360), then add a layer of coarse copper oxide’ about 40 cm long 
and finally the reduced copper spiral (prepared as described on p. 359). 
Place the tube in a combustion furnace and connect as shown in the 
figure with an azotometer,^ which contains mercury to a little above 

» The copper oxide must be previously ignited, as described on p. 369. 

* H. Schiff, Ber., 13, 885. 
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the lower end of r, and a liberal amount of caustic potash solution 
(300 g KOH dissolved in a liter of water). 

Begin the analysis (with the leveling bulb Tow and the stopcock of 
the azotometer open) by heating the left half of the magnesite layer, 
whereby the air in the tube is expelled by the carbon dioxide and passes 
through the azotometer. From time to time make a test to see whether 



all the air has been expelled. Raise the leveling bulb, and close the 
stopcock with the azotometer tube completely filled. If all the air 
has been replaced by carbon dioxide gas, the bubbles of gas will all be 
absorbed by the caustic alkali. When this occurs put out the flame 
under M. Pleat the tube first at R and light the burners one after 
another toward the left until about three-quarters of the layer of coarse 
copper oxide is heated to a dull redness. Then heat the tube at S and 
continue the process as in an ordinary combustion until the whole 
tube (with the exception of the part where the magnesite is found) 
is heated to a' uniform temperature and finally no more nitrogen is 
evolved. 

The heating must be accomplished so that there will be a slow but 
steady evolution of nitrogen. WTien the combustion is complete, 
heat the magnesite layer once more and expel all nitrogen remaining 
in the tube. As soon as the volume of the gas in the azotometer re- 
mains constant, measure the nitrogen. 
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For this purpose remove the azotometer together with the connecting 
piece of rubber tubing from the combustion tube and close the tubing 
by means of a pinchcock. Set the apparatus aside for at least 30 
minutes at a place where a uniform temperature prevails, then raise 
the leveling tube until the solution in it stands at exactly the same 
height as that in the tube. Read the volume of nitrogen, the ther- 
mometer, and the barometer. 

The weight of the nitrogen present is computed as follows: 

Assume a g of the substance used for the analysis and V ml of nitro- 
gen obtained at and B mm barometric pressure. In order to obtain 
the weight of the nitrogen, its volume must first be reduced to 0° and 
760 mm pressure. If the gas had been measured over pure water the 
formula 

^ F(Ro-i;)).273 
“ 760(273 + 0 

would hold, in which Bq represents the observed barometer reading 
reduced to a temperature of 0° and xv is the tension of water vapor meas- 
ured in millimeters of mercury. The nitrogen, however, was not 
measured over pure water but over a solution of potassium hydroxide, 
and the vapor tension of this solution is less than that of pure water. 
In fact, with potassium hydroxide of the concentration used, the dimi- 
nution of the vapor tension as compared with pure water almost exactly 
compensates the correction which would be applied in reducing the 
barometer reading to 0°. Consequently the following formula holds 
with sufficient accuracy : 

y(R-?e)-273 
“ 760(273 + () 

As 1 ml of nitrogen at 0° and 760 mm has been found to weigh 0.0012506 
g,^ then Fo ml of nitrogen will weigh 

0.0012506 X Fo g 

0.12506 -Fo ^ 

and the substance contains per cent of nitrogen. 

If the value of Fo is inserted in this last equation, and the constant 
values are united, it becomes 

x = 0.04493 --per cent AT 


* Cf. “ Nitrogen ** in Chapter XIX. 
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(6) Determination of Nitrogen in an Open Tube 

The determination is carried out in practically the same way as 
before, except that the carbon dioxide is generated outside of the tube. 
If the combustion tube of Fig. 62 is imagined cut off at M and con- 
nected by means of the two-bulbed tube with a long test tube, as shown 
in the upper part of the figure, the apparatus necessary for this deter- 
mination will be seen. 

The long test tube contains sodium bicarbonate, and it is covered 
with a piece of copper gauze in order that it may be heated more uni- 
formly. 

At jS is a long copper oxide spiral; this is followed by a copper boat 
containing the substance mixed with powdered copper oxide, then the 
long layer of coarse copper oxide, and finally the reduced copper spiral. 
After the connection with the azotometer has been made, heat the tube 
containing the sodium bicarbonate and remove the air from the com- 
bustion tube by means of the carbon dioxide evolved. The greater 
part of the water that is simultaneously set free collects in the two- 
bulbed tube. Otherwise the procedure is exactly the same as before. 

Remark. The advantage of this method over the former lies in the fact that 
the combustion tube can be used for a large number of nitrogen determinations 
without refilling it each time. 

With difficultly combustible substances the author prefers to work with the closed 
tube, for in this way it is possible to get a very intimate mixture of the substance with 
the powdered copper oxide. 

OXALIC Acm, H 2 C 204 - 2 H 20 . Mol. Wt. 126.07 
Forms: Calcium Oxide, CaO, and Carbon Dioxide, CO 2 
Determination as Calcitun Oxide 

Treat the neutral solution of an alkali oxalate with a few drops of 
acetic acid, heat to boiling, and precipitate with boiling calcium chlo- 
ride solution. After allowing to stand for 12 hours filter off the precipi- 
tate, wash with hot water, and treat the precipitate as described for the 
determination of calcium (cf. pp. 244, 265, 266). 

BORIC Acid, H3BO3. Mol. Wt. 61.84 

Determination as Boron Trioxide, B2O3, by the Method of 
Rosenbladt-Gooch^ 

Principle. Alkali and alkaline-earth borates, on being distilled with absolute 
methyl alcohol (free from acetone) and acetic acid, give up all their boron in the 


1 Z. onof. Chem., 27, 18, 364 (1887). 
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form of methyl borate, a liquid which boils at 65°. If the methyl borate is brought 
into contact with a weighed amount of lime in the presence of water, it is completely 
saponified: 

B(OCHs )3 + 3 H 2 O = 3 CH 5 OH + B(OH), 

The boric acid set free combines with the lime to form calcium borate. If the 
paste of water and lime is evaporated to dryness, the gain in weight, therefore, 
represents the amount of BaOs. 


Procedure. Ignite about 1 g of the purest lime^ obtainable to 
constant weight over the blast lamp, and transfer as much of it as 
possible to the dry Erlenmeyer flask (Fig. 63) which serves as a re- 
ceiver. Place the crucible, with 
some of the lime adhering to it, in 
a desiccator and set aside for the 
present. 

Slake the lime in the flask by care- 
fully adding about 10 ml of water. 

Connect the flask with the distilla- 
tion flask as shown in the figure.* 

Treat the aqueous solution of the 
alkali borate (containing not more 
than 0.2 g B2O3) with a few drops 
of either litmus or lacmoid solution, 
and add hydrochloric acid drop by 
drop until the solution turns red. 

Then add 1 drop of dilute sodium 
hydroxide and a few drops of acetic 
acid.® Add the faintly acid solution 
by means of the funnel T to the 

pipet-shaped retort, R, of about 200-ml capacity. Rinse out the funnel 
3 times with 3-ml portions of water and close the stopcock. Distil 
off the liquid by placing Rina, paraffin bath at not over 140°, and col- 
lect the distillate in the Erlenmeyer flask containing the lime. When 
all the liquid has distilled over, lower the paraffin bath and, after R 
has cooled somewhat, add 10 ml of methyl alcohol (free from acetone) 

1 Instead^f lime, Gooch and Jones use 4-7 g of sodium tungstate fused with 
about 0.5 g WOs in a platinum crucible to expel any carbonic acid. The fused mass 

is cooled and weighed. -j r xu 1 

* To permit the escape of air from the flask, make a cut in the side of the cork 

is ab^lutely necessary to neutralize the greater part of the allmli with hydro- 
chloric acid and then the last of it with acetic acid. If all the alkali were neutral- 
ized with acetic acid, little or none of the boric acid would pass over into the receiver 
during the subsequent distillation with alcohol. 
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through the funnel and again distil off the liquid in R. Repeat this 
process 3 times. Then add 2-3 ml of water to the retort, a few drops 
of acetic acid until the liquid becomes distinctly red again, ^ and repeat 
the distillation with 10 ml of methyl alcohol 3 times more. At the end 
of this time all the boric acid will be found in the receiver. When the 
distillation is over, the retort should be removed from the paraffin 
bath by lowering the bath. If this is not done, the retort is likely to 
break when the paraffin solidifies. Shake the stoppered flask thoroughly 
and allow to stand for an hour or two to make sure that all the methyl 
borate is saponified. Then pour the contents of the receiver into a 
200-ml platinum dish and evaporate on the water bath to dryness at as 
low a temperature as possible. During this process the alcohol must 
not be allowed to boil under any circumstances. Then, in order to 
remove the small amount of lime that remained adhering to the sides 
of the flask, add a few drops of dilute nitric acid to the receiver, and, by 
carefully inclining the flask, wet its entire inner surface with the acid, 
after which wash the contents into the platinum dish and evaporate to 
dryness again. This time the water in the bath may boil, as there is 
now no danger of losing the boric acid, all the alcohol having been 
removed by the first evaporation. Gently ignite the residue in the dish 
over a small flame to destroy the calcium acetate that was formed by 
the excess of acetic acid added. Allow to cool, and transfer by means of 
a little water to the crucible in which it was originally weighed. Dis- 
solve the dark-colored lime remaining on the sides of the dish in a little 
nitric or acetic acid and wash into the crucible. Evaporate the con- 
tents of the crucible to dryness on the water bath and, with the cover 
upon it, ignite the crucible at first gently and finally more strongly until 
a constant weight is obtained. The increase in weight represents the 
amount of B2O3. 

Remark. This method affords faultless results, even in the presence of consider- 
able amounts of other salts. Free halogen hydride or sulfuric acid must not be 
present, for these acids form esters with the methyl alcohol and distil over with 
boric acid, with which they would be weighed. Instead of using lime in the re- 
ceiver, the methyl borate can be distilled into a dilute solution of ammonium car- 
bonate, and the latter evaporated with slaked lime in a platinum dish immediately 
after the distillation. 

If one possesses a large platinum crucible (with a capacity of 80-100 ml), the first 
evaporation can take place in this and it is then advisable to place the crucible 
within a ring-shaped copper or tin tube through which steam passes. In this way 
the calcium acetate does not creep up over the sides of the dish, and there is no danger 
of any bumping. 

1 By the repeated distillation, the contents of the retort become alkaline, as shown 
by the blue color of the solution. 
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Determination of Boric Acid in Silicates, Enamel, etc. 

Fuse the finely powdered substance with 4 times as much sodium 
carbonate, extract the melt with water and evaporate the aq\ieous 
solution containing the boric acid^ to a small volume, make acid with 
acetic acid, and, without regard to any separation of silica, transfer 
the solution to the Gooch retort and analyze as above directed. 

Remark. This determination can l)e i^erformed in the presence of fluorine pro- 
vided that acetic and not nitric acid is used to set free the boric acid; but, for that 
matter, it is never advisable to use nitric acid and it is not permissible when chlorides 
ai'e present. A convenient titration method will be described in Chapter XIV. 

Determination of Boric Acid in Mineral Waters 

If the water contains considerable boric acid ( 0. 1 g or more of B 2 O 3 
in a liter), evaporate a weighed amount (from 200 to 300 ml) to a small 
volume,^ filter off the precipitated calcium and magnesium carbonates, 
concentrate the filtrate, make slightly acid with acetic acid, and analyze 
as described on p. 365. 

If the water contains only a little boric acid, as is usual, a large amount 
must be taken for the determination. Evaporate 10-15 1 in a large 
porcelain dish to about 1 l,*^ filter o(f the deposited salts (these never 
contain any borate), wash thoroughly with hot water, and evaporate 
the filtrate and washings on the water bath until a moist residue is 
obtained. If this residue does not amount to more than 5 or 6 g redis- 
solve it in water, make acid with acetic acid, transfer to the Gooch retort, 
and distil as described on p. 366. Usually a larger residue is obtained, 
which can be conveniently analyzed directly; in this case the boric acid 
is extracted from it. For this purpose make the residue acidic with a 
little hydrochloric acid, thoroughly stir with al)solute alcohol, and by 
means of more of the latter transfer it to a flask, cork up, and allow to 
stand 12 hours with frequent shaking. The boric acid will then be 
found in the alcoholic solution. Filter off the residue, wash with 96 
per cent alcohol, dilute largely with water, add 1 g of sodium hydroxide, 
distil off the alcohol (see Remark on p. 368), and evaporate the liquid 
until a moist residue is obtained. Make this again acidic with hydrochlo- 
ric acid and repeat the above extraction with alcohol, and subsequent dis- 
tillation of the alcohol, after the addition of water and 1 g of sodium 
hydroxide. If the residue now obtained is not too large, ignite gently 

1 Sometimes the insoluble residue contains appreciable amounts of boric acid. 
In the method given in Chapter XIV, this fact will be taken into consideration. 

* If the water reacts alkaline, evaporate it at once; otherwise add enough sodium 
carbonate solution to make it alkaline. 
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to destroy the organic matter; after extracting with water, filter off the 
carbonaceous residue and make the filtrate acidic with hydrochloric acid. 
Then add sodium hydroxide till barely alkaline and just enough acetic 
acid to make the solution react acid again. Analyze the solution thus 
prepared as described on p. 365. 

Remark. Unless a large amount of water and the sodium hydroxide are added, 
some of the boric acid will be volatilized with the alcohol. It is always best to test 
the alcoholic distillate for boric acid as follows: extract a few pieces of turmeric 
root with alcohol; place 2-3 drops of the yellow solution in a porcelain dish; add the 
alcoholic solution to be tested for boric acid and a few drops of acetic acid. Dilute 
with water and evaporate to dryness on the water bath. According to F. Henz, 
if as much as 0.001 mg of boric acid is present, a faint but distinct coloration will 
be evident, while the presence of 0.02 mg will cause a strong reddish brown color- 
ation, which on being treated with sodium hydroxide is turned to the characteristic 
blue-black color. 

If boric acid is found in the alcoholic distillate, it must be again treated with water 
and sodium hydroxide, and the alcohol once more distilled off. 

Molybdic Acid, H2M0O4 H2O. Mol. Wt. 179.98 

The determination of molybdenum present as molybdic acid has 
already been considered on p. 113. 

Tartaric Acid, H 2 C 4 H 4 O 6 . Mol. Wt. 160.09 

The composition of free tartaric acid as well as that of the tartrates 
is determined by an elementary analysis; see pp. 354 et seq, 

Meta- and Pyrophosphoric Acids 

These acids are changed to phosphoric acid and determined as de- 
scribed on p. 370. 

Iodic Acid, HIO3. Mol. Wt. 176.93 
Form ; Silver Iodide, Agl 

For the determination of iodic acid as silver iodide, make the solu- 
tion of the alkali iodate acid with sulfuric acid, and add sulfurous acid 
until the solution, which at first becomes yellow on account of the sepa- 
ration of iodine, is again colorless. After this add an excess of silver 
nitrate and a considerable amount of nitric acid. Heat the solution 
to boiling, and determine the precipitated silver iodide as described 
on p. 297. 

It is not permissible to change the iodate to iodide by ignition, for 
the decomposition takes place at a temperature above that at which the 
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iodide itself begins to volatilize. The transformation is, therefore, 
not quantitative. This is especially true of sodium iodate, which is 
changed to iodide only upon heating to a white heat. Potassium 
and silver iodates are much more readily decomposed, but even then 
some iodide is lost. Both iodic and periodic acids may be more 
accurately determined by a volumetric process (see Chapter XV, 
“ lodimetry ”). 

For the determination of the metal present in an iodate, first change 
it to the chloride by repeated evaporation with concentrated hydro- 
chloric acid: 

KlOa + 6HC1 = KCl + 3H2O + 2CI2 + ICl 
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GROUP IV OF ANIONS 

PHOSPHORIC, ARSENIC, ARSENIOUS, THIOSULFURIC, CHROMIC, 
VANADIC, AND PERIODIC ACIDS 

PHOSPHORIC Acid, H3PO4. Mol. Wt. 98.00 

Forms: Magnesium Pyrophosphate, Mg 2 P 207 ; Ammonium Phospho- 
molybdate, (NH 4 ) 3 P 04 l 2 Mo 03 ; Phosphomolybdic 
Anhydride, P206-24Mo03 

1. Determination as Magnesium Pyrophosphate, according 
to B. Schmitz 

Formerly it was the usual practice to precipitate phosphoric acid in the cold 
with “ magnesia mixture ” and ammonia, but according to the experiments of 
Neubauer^ and of Gooch^ it is evident that it is very difficult to obtain a pure pre- 
cipitate of magnesium ammonium phosphate in this way; sometimes it is contam- 
inated with Mg3(P04)2 and sometimes with Mg(NIl4)(P()4)2. If, however, the 
precipitation takes place in a hot solution, a very pure, coarsely crystalline precipitate 
of Mg(NH4)P04-6H20 is obtained.^ 

Procedure. To 50 ml of a neutral solution containing 0. 1-0.5 g of 
P 2 OB add a few drops of dilute hydrochloric acid, an excess of “ mag- 
nesia mixture/’^ 5 g of ammonium acetate, and a little phenolphthalein 
solution. Heat nearly to boiling; run in from a buret 1.5 A ammonia, 
while constantly stirring, until a turbidity forms. Stir till the pre- 
cipitate is crystalline and then continue adding the ammonia until a 
red coloration is obtained from the indicator. Allow the solution to 
cool completely, add one-fifth of its volume of concentrated ammonia, 
and let stand at least 4 hours. Wash the precipitate 3 times by decan- 
tation with 1.5 A ammonia, then transfer to a filter, and wash free 
from chloride. Finally moisten the precipitate with a saturated solution 

^ H. Neubauer, Z. angew. Chem., 1896, 439. 

* F. A. Gooch, Z. anorg. Chem., 20, 135. 

* B. Schmitz, Z. anal. Chem., 66, 46 (1924); K. K. Jarvinen, Z. anal. Chem., 43, 
279 (1904), 44, 333 (1905); G. Jorgensen, Z. anal. Chem., 46, 278 (1906). 

* The “ magnesia mixture ” is prepared, according to Schmitz, by dissolving 55 g 
of magnesium chloride, MgCl2-6H20, and 105 g of ammonium chloride in water, 
adding a little hydrochloric acid, and diluting to a volume of 1 1. For 0.1 g of P2O6, 
use 6 ml of this solution. 
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of ammonium nitrate in 1.6 N ammonia, dry, ignite, and weigh as 
described on p. 258 . It is best to use a filtering crucible and an electric 
oven. 

If the weight of the precipitate is p, then the corresponding weights 
of H3PO4 and P2O6 are 


rf ^ weight HaPO. and 

MgaPaOr 


PjOs-p 

Mg2P207 


== weight P2O6 


The above method for the precipitation of phosphoric acid is not 
applicable when the substance contains alkaline earths or heavy metals. 
Under these conditions the phosphoric acid should be precipitated first 
as ammonium phosphomolybdate and the phosphoric acid in this precipi- 
tate determined by one of the following methods. 


2. Determination of Phosphoric Acid as Magnesium P 3 rrophosphate 
after Previous Precipitation as Ammonium Phosphomolybdate 

This method, first proposed by Sonnenschein, has experienced, in the course of 
time, a great many modifications.^ It is always applicable when the phosphoric acid 
is present as orthophosphate. < 

Titaniutn, zirconium, quinquevalent vanadium, and quinquevalent arsenic inter- 
fere, all precipitating with the phosphorus. Titanium and quinquevalent vanadium 
also prevent complete precipitation. Cain and Tucker® have shown that the inter- 
ference of vanadium can be prevented by reducing it to the quadrivalent condition 
and precipitating at 20°, and by precipitating at this low temperature the interference 
of arsenic is overcome. 

Principle. If a solution containing phosphoric acid in the presence of ammonium 
nitrate and sufficient nitric acid is treated with an excess of ammonium molybdate 
and heated to 60-70°, all the phosphoric acid is precipitated as yellow ammonium 
phosphomolybdate. When dried at room temperature over CaCl2’2H20, the 
precipitate corresponds to the formula — (NH 4 ) 3 P 04 l 2 Mo 03 - 3 H 20 if it has been 
thoroughly washed with water or with potassium nitrate solution® and to (NH 4 ) 8 P 04 ' 
12 Mo 03 *HNOs- 2 H 20 if washed with dilute nitric acid. It always contains, when 
sufficient molybdic acid is present, 24 moles of M 0 O 3 to 1 mole of P 2 O 6 . 

In the analysis of minerals, appreciable quantities of phosphoric acid are likely 
to be found in the dehydrated silica especially when titanium, zirconium, thorium, 
or tin is present. Some of this phosphorus will be lost and counted as Si02 if, in 
testing the purity of the silica, considerable sulfuric acid is used with the hydrofluoric 
acid and the acid is subsequently volatilized at a high temperature. In fusions with 
alkali pyrosulfate, some phosphoric acid is volatilized. 

1 Cf. Woy, Chem. Ztg., 21 , 442; Hundeshagen, Z. anal. Chem., 28 , 164; Eggertz, 
J. prakt. Chem., 79 , 406; v. Jiiptner, Oesterr. Z. Berg-HiUlenw., 1894 , 4711; McCand- 
less and Burton, Ind. Eng. Chem., 16 , 1267 (1924); McNabb, J. Am. Chmi. Soc., 60 , 
300 (1928). 

2 J. Ind. Eng. Chem., 6 , 647 (1913). 

• M. Ishibashi, Mem. Coll. Sci., A, 12 . 135 (1929). 
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Very small quantities of phosphoric acid in the presence of considerable copper, 
nickel, chromium, etc., are often concentrated by adding a little iron or aluminum 
and precipitating with ammonia. Phosphoric acid can also be precipitated with 
zirconium (cf. p. 182). Phosphoric acid can be separated from iron, nickel, cobalt, 
titanium, zirconium, chromium, etc., by precipitating these elements as hydroxides 
in the presence of excess *NaOH. The same end is accomplished by fusion with 
alkali carbonate, which converts the phosphoric acid into water-soluble alkali phos- 
phate; if much calcium phosphate is present it is necessary to add silica to the flux 
in order to obtain all phosphoric acid as soluble phosphate. 

Arsenic acid forms with ammonium molybdate a compound which is analogous to 
ammonium phosphomolybdate but the arsenic precipitate does not form readily if 
the temperature is below 70°. If arsenic is reduced to the trivalent condition, it can 
be volatilized as AsCb by boiling with IICl or IIF; platinum vessels must be used 
in the last case. Such treatment also serves to remove quadrivalent germanium. 
A fairly satisfactory separation of phosphoric acid from tungsten, quinquevalent 
vanadium, or sexivalent molybdenum can be obtained by precipitation with 
magnesia mixture in an ice-cold ammoniacal solution containing tartrate or 
citrate. 

Other separations can be accomplished by depositing metals such as iron, copper, 
nickel, chromium, or molybdenum electrolytically on a mercury cathode, by pre- 
cipitating with iron or copper with cupferron in the presence of considerable HCl, or 
by extracting ferric chloride with ether. 

For the complete precipitation of phosphoric acid with ammonium molybdate, a 
considerable excess of molybdate is necessary; the solution after the addition of the 
reagent should contain 5 to 8 per cent of HNO3 and more than 5 per cent of NH^NOa. 
Precipitation is retarded by hydrochloric, sulfuric, or hydrofluoric acid, excessive 
quantities of the ammonium salts of these acids, quadrivalent or quinquevalent 
vanadium, titanium, zirconium, and many organic compounds. Satisfactory analy- 
ses can be made in solutions which are 1.2 in IICl or 1.8 in II2SO4 provided that 
about twice as much reagent is used as is ordinarily required and a longer precipita- 
tion period allowed. In the absence of retarding agents, it is customary to add at 
least 1.5 g more of M0O3 than is required theoretically. In determining small quanti- 
ties of phosphorus this may be more than 100 times the quantity theoretically re- 
quired. 

Various formulas have been used for preparing the ammonium molybdate 
reagent. For the last fifty years, the reagent most used in the United States is a 
solution containing, besides the ammonium molybdate, considerable ammonium 
nitrate and free nitric acid. When this reagent is used, the solution analyzed should 
be nearly neutral as sufficient nitric acid is present in the reagent to provide for 
complete precipitation, but if the solution to be analyzed contains considerable free 
acid or if it is basic in reaction the precipitation of the phosphoric acid will be incom- 
plete. The acid molybdate reagent, however, is not very stable and stains the 
fingers if spilled upon them. For that reason, many chemists prefer to use a neutral or 
slightly ammoniacal solution of ammonium molybdate. Three formulas for pre- 
paring the reagent will be given. The first is the reagent recommended by Blair 
which is strongly acidic and, according to chemists of the National Bureau of Stand- 
ards, is still most used. It has been used at the Massachusetts Institute of Tech- 
nology for over forty years. The second formula has been recommended by the 
American Society for Testing Materials; it is similar to the third formula, which is 
recommended by C. M. Johnson. 
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Personally, the writer prefers the third formula, but some of his colleagues like 
the first one, and experience has shown that confusion will result if the stockroom 
uses more than one formula. In carrying out this analysis, the student should find 
out which formula comes nearest to that used in the laboratory in which he is 
working. 

Acid Ammonium Molybdate Solution. Mix 100 g of pure MoOs, or 118 g (NH4)e- 
Mo 7024-4H20 (85 per cent MoOs), with 400 ml of water, and dissolve it in 80 ml of 
strong NH4OH (d 0.90 or about 15 N) with stirring. Filter if necessary, cool and 
pour very slowly, while stirring, into 715 ml of 6 A HNOs. Add 1 or 2 drops of 
10 per cent NH4HPO4 solution and allow to stand at least 12 hours. Decant off the 
clear liquid or filter through an asbestos pad as required for use. 

Ammonium Molybdate (A.S.T.M. Formula). Take 65 g of pure (NH4)6Mo7024- 
4H2O, 225 g of NH4NO3, 15 ml of concentrated NH4OH, and 600 ml of water. Stir 
and heat gently. When the crystals have dissolved, filter (without washing) and 
dilute to 1 1. 

Ammonium Molybdate (Johnson’s Formula). Digest 55 g of (NH4)6Mo7024-4H20 
and 50 g of NH4NO3 with 18 ml of 15 N NH4OH and 20 ml of water. Stir, dilute to 
about 700 ml with water, and heat for .‘10 minutes with occasional stirring until all 
salts have dissolved. Dilute to 1 1, let stand over night, filter, but do not wash 
the residue. 


Procedure. To 50 ml of solution containing 0. 1 g of P 2 O 5 or less, care- 
fully add 6 N ammonium hydroxide until the solution is neutral to lit- 
mus.^ Add a few drops of 6 iV nitric acid, heat the solution to about 65 , 
and add 75 ml of ammonium molybdate reagent. Keep the solution 
at this temperature for half an hour, filter, and wash once by decanta- 
tion with an acid solution of ammonium nitrate^ and at least 6 times 
on the filter. When the washing is complete place the flask containing 
the bulk of the precipitate under the funnel and allow 6 N ammonium 
hydroxide solution to drop upon the upper edge of the filter from a 
buret, until enough has been added to dissolve all the precipitate on 
the filter paper and that in the flask. Rotate the contents of the flask 
from time to time and avoid using an unnecessary excess of ammonia. 
Wash the filter paper thoroughly with hot water. The volume should 
not exceed 100 ml at this point. Drop a piece of sensitive litmus paper 
into the solution and add 6 N hydrochloric acid, with constant rotation 
of the flask, until the litmus paper changes to a violet verging on the 
blue rather than the red. Pay no attention to precipitation of yellow 
ammonium phosphomolybdate at this point. Add 10 ml of magnesia 


I These directions assume that the acid solution of ammonium molybdate (For- 
mula 1 ) is used as reagent. If either of the other two solutions is used, omit the neutral- 
ization with ammonia and, instead of adding a few ^ 

that the equivalent of 6 to 10 g of HNO3 (16 to 27 ml of 6 A HNO,) is present to- 

ammon^^^ with 325 ml of 6 AT nitric acid and 

dilute with 100 ml of water. 



374 


GROUP IV OF ANIONS 


mixture^ and heat almost to the boiling point. Add 2-3 drops of phenol- 
phthalein indicator, and neutralize with 1.5 N ammonium hydroxide 
until the solution is colored pink by the indicator. Cool, add one- fifth 
of the solution’s volume of concentrated ammonium hydroxide, and allow 
to stand for at least 4 hours. Filter, wash, ignite and weigh as directed 
on p. 258. 

3. Direct Determination of Phosphoric Acid as Ammonium 
Phosphomolybdate (Finkener)^ 

The precipitate produced as described under 1 is heated until it becomes changed 
to (NH 4 ) 3 P 04 - 12 Mo 03 . Theoretically this contains 3.784 per cent of P 2 O 6 , but 
better results are obtained if it is assumed to contain 3.753 per cent of P 2 O 6 .® 

Baxter^ recommends heating the precipitate to about 300° as does Ishibashi.* 
The precipitate then contains 3.784 per cent P 2 O 6 and corresponds to the formula 
(NH 4 ) 8 P 04 T 2 Mo 03 . Baxter prepared the molybdate reagent as follows: Dissolve 
150 g of commercial ammonium molybdate in 1 1 of water and pour into an equal 
volume of 6 A nitric acid. Use 50 ml for 0.1 g of P 2 O 6 . Ishibashi used a 3.5 per 
cent solution of (NH4)6Mo7024-4H20 in pure water. To a neutral solution of 
0-70 mg of P 2 O 6 he added twice the theoretical requirement of molybdate solution, 
20 ml of 5 A ammonium nitrate solution, and 20 ml of 5 A nitric acid, making a 
total volume of about 100 ml. He heated with stirring at 60° for 5 minutes, allowed 
to stand 3 hours, filtered into a filtering crucible, washed with 2 per cent nitric acid, 
heated slowly to 250°, and kept at 250-300° for 30 minutes. 

Procedure. Precipitate the phosphoric acid with ammonium molyb- 
date as directed on p. 373; filter the precipitate into a Gooch crucible, 
wash with ammonium nitrate solution until very little brown coloration 
is produced in the filtrate upon adding K 4 [Fe(CN) 6 ], and dry in a cur- 
rent of air at 160° until a constant weight is obtained. If the pre- 
cipitate should become slightly greenish, add a small crystal of 
ammonium nitrate and one of ammonium carbonate and again heat 
the contents of the crucible, whereupon the precipitate will at once 
assume a homogeneous yellow color. 

Remark. The results of Hundeshagen and Steffan show that this method gives 
very exact results. Steffan worked precisely according to the directions of Finkener, 
precipitating the phosphoric acid in the cold with a 33K per cent solution of ammo- 
nium molybdate and filtering after standing 24 hours. It is, however, not necessary, 
as Hundeshagen has shown, to work with such a concentrated solution of ammonium 
molybdate; the precipitation from a hot solution with a 3 per cent molybdate solu- 
tion yields just as accurate results and the solution does not have to stand so long 

1 See p. 370. 

2Rer., 11 (1878), 1640. 

* Hundeshagen, loc. cit. 

* Am. Chem. J., 28, 298 (1902). 

^Mem. Coll Sci., A, 12, 135 (1929). 
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before filtering. Even when iron is present this method gives good results, so that 
it is to be recommended for the determination of phosphorus in iron and steel. 

4. Determinatioii of Phosphoric Acid as Phosphomolybdic 
Anhydride (Woy) 

Gently ignite the precipitate, produced in the same way as before, 
until a greenish black residue remains of the composition 24Mo03-P206, 
with 3.94 per cent of P-iOs- Perform the ignition as follows: Upon the 
bottom of a nickel crucible place a disk of ignited asbestos about 2 mm 
thick, or the porcelain plate of a Gooch crucible may be used. Upon 
this place the Gooch crucible containing the precipitate, cover with a 
watch glass, and heat at first gently and finally until the bottom of the 
nickel crucible is at a dull red heat. When the precipitate has become 
of a homogeneous, bluish black color, allow to cool in a desiccator and 
weigh. 

This method is rapid and gives good results in the presence of iron 
and aluminum. 

Determination of Phosphorus in Iron, Steel, and Bronze^ 

Phosphorus is present in all kinds of iron and steel as well as in the various alloys 
used in steel-making. In general, it is detrimental, and the permissible quantities 
are usually defined rigidly in specifications of material. Phosphorus is sometimes 
added intentionally in the manufacture of sheet steel to prevent the sheets from stick- 
ing together during the rolling process. 

The phosphorus content of most steels lies between 0.01 and 0.1 per eent; ingot 
iron contains less than 0.01 per cent, and wrought iron usually between 0.1 and 0.2 
per cent. In most steels it exists as a solid solution of iron phosphide, FejP, in iron; 
but in many samples of cast iron, free iron phosphide is found. In wrought iron and 
in some low-carbon Bessemer steels it is possible that a little phosphate may exist. 

The presence of too much phosphorus in steel causes brittleness; the metal is 
likely to break wh6n subjected to sudden stress. 

All methods for determining phosphorus in iron and steel are based upon the 
preliminary oxidation of the phosphorus to phosphoric acid. Practically all phos- 
phates except those of the alkali metals arc insoluble in water, but the phosphoric 
acid obtained in the chemical examination of iron and steel is usually precipitated 
first as ammonium phosphomolybdate or as ferric phosphate. 

The gravimetric methods are based upon the separation of the phosphoric acid 
from at least the greater part of the iron by precipitation either as ammonium phos- 
phomolybdate or as ferric phosphate; in the latter case the greater part of the 
iron is reduced to the ferrous condition after the complete oxidation of the phosphorus 
and enough is left in the ferric condition so that in carrying out a basic acetate sepa- 
ration all the phosphorus is precipitated as ferric phosphate and the excess ferric 
iron as basic ferric acetate. From his study of qualitative analysis, the student is 
already familiar with this method of separating phosphate from bivalent cations. 


1 G. E. F. Lundell, Jnd. Eng. Chem.j 15, 171 (1923). 
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The basic ferric acetate precipitate can be dissolved in dilute hydrochloric acid, and 
the precipitation of ferric hydroxide or of ferric phosphate by neutralization with 
ammonia can be prevented by adding considerable citric or tartaric acid. Then on 
adding “ magnesia mixture ” to the ammoniacal solution (cf. p. 370) a precipitation 
of magnesium ammonium phosphate can be obtained. This method of analysis has 
been recommended but today is seldom used because it is tedious and yields no 
better results than other, more con venient procedures. 

To separate a small quantity of phosphoric acid from a large quantity of iron, it is 
customary to precipitate the former as ammonium phospho molybdate by adding 
ammonium molybdate -reagent to the nitric acid solution. The yellow precipitate 
is least soluble in dilute acids containing considerable dissolved salt. The dry pre- 
cipitate weighs about 61 times as much as the phosphorus it contains, as is evident 
from its formula, which is usually written (NIl 4 ) 3 P 04 l2MoOa. The yellow 
ammonium phosphomolybdate can be converted into magnesium ammonium 
phosphate. Even today this method of analysis is applied to the determination of 
phosphorus in steel in “ umpire analyses ” to settle disputes among chemists. 
Many years of experience have shown that the so-called “ rapid methods ” are just 
as accurate as the longer methods when properly carried out, but they are sensitive 
to slight changes in the conditions such as the temperature, time allowed for the 
completion of the reaction, concentration, and acidity. Rapid methods are some- 
times based on the weight or volume of the ammonium molybdate precipitate. 
Thus the precipitate is sometimes weighed after drying a definite time at a definite 
temperature and at other times its volume is read after centrifuging in a graduated 
tube. In Chapters XIV and XV, more convenient, accurate titrimetric methods 
will be described. 

Procedure for Cast Iron. Dissolve 1-3 g of sample in a covered 
casserole in 30 ml of 7.5 nitric acid. When all the iron is in solu- 
tion, add 10 ml of 6 hydrochloric acid, evaporate to dryness, and 
bake on the hot plate for 15 minutes. Cool, drench the residue with 
concentrated hydrochloric acid, dilute to 50 ml, and heat until all the 
salts are in solution. Filter without delay, wash the residue with 0.6 N 
hydrochloric acid, and evaporate the filtrate to sirupy consistency. 
Meanwhile ignite the above residue in a platinum crucible, cool, and 
heat with 10 drops of concentrated hydrochloric acid and 2 ml of hydro- 
fluoric acid. Evaporate just to dryness, add 5 ml of concentrated 
hydrochloric acid, and add to the main solution that is being evaporated. 

When the solution is of sirupy consistency, transfer to a 300-ml 
Erlenmeyer flask by alternate rinsing with 7.5 N nitric acid and hot 
water, using not more than 30 ml of the acid and 70 ml of the water. 
Heat to boiling and digest for 10 minutes. 

Precipitation. To the boiling solution, add 100 ml of acid ammonium 
molybdate solution (cf. p. 373), shake 10 minutes, and allow to stand at 
least 4 hours. If an appreciable amount of vanadium is present, carry 
out the precipitation at 20° in a solution which has just been treated with 
2-3 ml of 10 per cent ferrous sulfate solution and a few drops of sulfurous 
acid to reduce quinquevalent vanadium. Decant off the solution 
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through a filter, keeping as much of the precipitate as passible back in 
the flask, and wash with not more than 50 ml of cold 1 per cent nitric 
acid. Dissolve the precipitate in 24 ml of G ammonium hydroxide 
to which 2 g of citric acid has been added. Pour the solvent through 
the filter that contained some of the phosphomolybdate and catch the 
solution in the flask containing the bulk of the precipitate. Finally 
wash the filter several times with O.G N hydrochloric acid. If the 
ammoniacal filtrate is not clear, heat it to boiling, filter through the 
same filter, and wash with hot water. In this case, and whenever appre- 
ciable quantities of elements like titanium, zirconium, and tin are present, 
preserve this filter paper and treat it together with the filter referred to 
in the following directions. 

Make the ammoniacal solution acid with hydrochloric acid, add 20 ml 
of magnesia mixture, and precipitate magnesium ammonium phosphate 
as described on p. 373. Allow the precipitate to stand 4 houi's. Filter, 
keeping the precipitate back in the flask as much as possible. Dissolve 
the precipitate on the filter with 28 ml of G A hydrochloric acid, catch- 
ing the solution in the flask containing the bulk of the precipitate. 
Wash the filter thoroughly with O.G N hydrochloric acid. If titanium, 
zirconium, or tin is present, ignite this filter, and the one previously set 
aside, in a platinum crucible, fuse with a little sodium carbonate extract 
with water, and add the aqueous extract to the hydrochloric acid solu- 
tion of the first magnesium ammonium phosphate precipitate. 

Transfer the solution to a 200-ml beaker. If considerable arsenic 
is present precipitate with hydrogen sulfide, washing the arsenic sulfide 
precipitate with dilute hydrochloric acid saturated with hydrogen sul- 
fide. Boil off the excess of hydrogen sulfide and reduce to 50-75 ml. If 
only a little arsenic is present, add 0.G~1 g of ammonium bromide and 
evaporate the solution to a volume of 5-10 ml; the arsenic will volatilize 
as arsenic trichloride. 

To the solution free from arsenic, and at a volume of 50-75 ml, add 
0. 1-0.2 g of citric acid and 2-3 ml of magnesia mixture, and again pre- 
cipitate magnesium ammonium phosphate. 

Ignite and weigh the magnesium pyrophosphate as described on 
p. 258. 

Plain Carbon Steel. Dissolve 1-3 g in 50 ml of 6 AT nitric acid. 
When all the steel has dissolved, boil and slowly add a saturated solu- 
tion of potassium permanganate until oxides of manganese are pre- 
cipitated. Clear the solution by cautious addition of 10 per cent 
ferrous sulfate solution, boil gently for 10 minutes, and treat at 70® with 
50 ml of ammonium molybdate solution prepared according to Method 2 
or 3 on p. 373 and continue as described there. 
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Alloy Steels. Treat chromium steels in the same way, but if any 
residue is obtained on dissolving in nitric acid, continue heating until 
it dissolves, adding sulfuric acid if necessary. Treat a high-silicon 
steel hke cast iron. If titanium or zirconium is present to any extent, 
a phosphate may precipitate during the boiling prescribed for plain 
carbon steels. Filter off the precipitate, fuse the residue with sodium 
carbonate, and add the aqueous extract of the melt to the main solution. 
Tungsten steel does not dissolve in nitric acid. Dissolve 1-3 g in a 
mixture of 20 ml concentrated nitric acid and 60 ml of concentrated 
hydrochloric acid in a covered casserole. Heat gently and evaporate 
to dryness. Remove the cover glass and bake till all the acid is expelled. 
Cool, and add 30 ml of concentrated hydrochloric acid. Heat until all 
the iron dissolves, dilute to 100 ml, filter, and wash the residue of 
tungstic acid with N hydrochloric acid. Evaporate the filtrate to a 
simp and meanwhile dissolve the tungstic acid in hot 2 N ammonium 
hydroxide, finally washing the paper with dilute hydrochloric acid. 
Make the ammoniacal solution faintly acid; add 1 g of alum and then 
add ammonium hydroxide in slight excess. Filter off the aluminum 
hydroxide and phosphate; dissolve in hot hydrochloric acid and add the 
solution to the main solution which is being evaporated. Dilute the 
simp as described for the analysis of cast iron. 

Bronze. See p. 102. 

The Lead Molybdate Method 

Ibbotson^ prefers to base the phosphorus determination upon the weight of 
PbMo 04 that can l)e obtained from the (NU 4 ) 3 P 04 l 2 Mo 03 precipitate. The 
PbMo 04 weighs 142 times as much as the phosphorus originally present. For 
determining small quantities of phosphorus this is one of the quickest and most 
accurate methods. 

Filter the ammonium phosphomolybdate precipitate (see p. 373) and 
wash it on a 9-cm ashless filter paper with cold 1 per cent nitric acid 
(1 ml concentrated acid and 100 ml water) at least 10 times. Dissolve 
the precipitate by pouring 4 ml of concentrated NH4OH on the filter. 
Catch the solution in the flask used for the precipitation, wash the paper 
once with hot water, and again pour this solution through the filter, 
this time catching it in a 150-ml beaker. Wash the paper at least 6 
times with a stream of hot water directed against the upper edge of the 
paper and then place the solution on a hot plate. Place beside it a 
250-ml beaker containing a filtered solution of 10 g NH4CI and 12.5 g 
of ammonium acetate in 50 ml of water. When both solutions are at 


* Chemical Analysis of Steel Works* Materials. 
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the boiling point, add, to the ammoniacal solution of the yellow pixi- 
cipitate, 10 ml of concentrated hydrochloric acid and 10 ml of 4 per 
cent lead acetate solution. At once pour this mixture into the hot solu- 
tion of ammonium chloride and acetate, and wash out the beaker with 
hot water. Allow the precipitate to settle for a few minutes and then 
filter through a weighed Gooch cnicible. Wash thoroughly with hot 
water until free from chloride, dry in the hot closet at 105°, and weigh. 
If preferred, finish the washing with alcohol and ether (cf. p. 258). 

In this method of analysis, 12 PbMo 04 are obtained for each P present. 
The weight of phosphorus, therefore, is found by the formula: 

P 31.02 

PP‘- 12PbMoO : = PP'- PP'- 


Determination of Phosphoric Acid in Silicates 

In the analysis of silicates (sec p. 414) the phosphoric acid is found in 
the precipitate produced by ammonia in the filtrate from the silica 
together with iron and aluminum hydroxides. It is analyzed according 
to p. 171. 

Determination of Phosphoric Acid in Mineral Waters 

To 5-6 I of the water add a little hydrochloric acid and evaporate 
to dryness; moisten the residue with concentrated hydrochloric acid, 
take up with water, and filter off the silicic acid. To the filtrate add 
a slight excess of ammonia; the pho.sphoric acid is usually completely 
thrown down in the form of phosphate of iron, aluminum, or alkaline 
earth. Dissolve the filtered and washed precipitate in nitric acid, and 
determine the phosphoric acid according to one of the molybdate 
methods (pp. 373-379). 

Remark. If the mineral water doe.s not contain much iron, aluminum, or alka- 
line-earth metal, but is rich in phosphoric acid and the alkalies, the precipitate 
produced by ammonia will not contain all the phosphoric acid. In such a case 
evaporate the hydrochloric acid solution from the silica several times to dryness 
with nitric acid, dissolve the residue in as little nitric acid as possible, and determine 
the phosphoric acid by one of the molybdate methods. 

DetenuinEtion of Phosphorus in Organic Substances 

The substance is decomposed by the method of Carius. By the 
action of the nitric acid in the closed tube the phosphorus is oxidized 
to phosphoric acid and this is determined as usual. 
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Separation of Phosphoric Acm from the Metals 

1. Separation from the Metals of Groups I and II 

Hydrogen sulfide is conducted into the hydrochloric acid solution/ 
by which means all the members of these groups are precipitated as 
sulfides while the phosphoric acid remains in solution. 

2. Separation from the Metals of Group HI 

(а) The phosphoric acid is first precipitated as ammonium phospho- 
molybdatc according to p. 373. In order to determine the metals, 
evaporate the solution containing molybdenum, but free from phos- 
phoric acid, with sulfuric acid to a simpy consistency, and carefully 
heat over a free flame until the nitric acid is expelled. After cooling, 
moisten the residue with hydrochloric acid and take up in water. Place 
the solution in a pressure flask, saturate with hydrogen sulfide, stopper 
the flask, and heat for some time on the water bath; the molybdenum 
is precipitated as flocculent M 0 S 3 . After cooling, slowly open the 
pressure flask and filter off the molybdenum sulfide. Analyze the 
filtrate, now free from phosphoric acid and molybdenum, for the metals 
as described on pp. 148-220. 

(б) Separate the phosphoric acid as before, make the filtrate slightly 
ammoniacal, and saturate with hydrogen sulfide. After standing for 
some time the solution becomes reddish yellow in color, and the pre- 
cipitate can then be filtered off. The metals of this group will be found 
in the precipitate while the molybdenum is in the filtrate in the form of 
its sulfo salt. 

Remark. If nickel is present, some of it will remain in the filtrate with the 
molybdenum on account of the solubility of nickel sulfide in ammonium sulfide, so 
that method (a) will then give more accurate results. Vanadium (and tungsten) 
will also go with the molybdenum. 

3. Separation of Phosphoric Acid from Iron, Cobalt, 
Manganese, and Zinc 

If the solution contains iron in the ferric form, acidify with hydro- 
chloric acid, saturate with hydrogen sulfide, and for each gram of the 
mixed oxides add 3 g of tartaric acid; make the solution slightly am- 
moniacal and allow to stand over night in a stoppered flask. The 
precipitate contains the metals as sulfides free from phosphoric acid. 

1 When silver is present it is precipitated as silver chloride, filtered off, and the 
filtrate treated with hydrogen sulfide. 
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Filter, wash with water containing ammonium sulfide, dissolve in acid, 
and analyze according to pp. 148-220. 

4. Separation from Chromic Acid 

If the solution contains free alkali or alkali carbonate, make acid 
with nitric acid, then slightly alkaline with ammonia, and precipitate 
the phosphoric acid with “ magnesia mixture as described on p. 370. 

$ 

6. Separation from Calcium, Strontium, Barium, Magnesium, 
and the Alkalies 

Add ammonium carbonate to the hydrochloric acid solution until a 
slight permanent turbidity^ is produced, and dissolve this with a few 
drops of hydrochloric acid. Then add ferric chloride drop by drop 
until the liquid above the yellowish white precipitate of ferric phos- 
phate becomes distinctly brown in color. Dilute the solution with 
water to a volume of 300-400 ml, boil for 1 minute, filter, and wash 
with water containing ammonium acetate. In the filtrate are the 
alkaline earths and alkalies, which, after expelling the ammonium salts 
by igniting the residue obtained after evaporating to dryness, are deter- 
mined in the usual way (see pp. 244-280). 

Determination of Phosphoric Anhydride in Apatite 

Weigh out duplicate portions of the finely powdered mineral of 0.2- 
0.25 g, taking care to get the nearest tenth of a milligram as accurately 
as possible. Heat in a covered 200-ml casserole with 15 ml of 6 iV 
nitric acid. Evaporate to dryness on the steam bath or hot plate, 
taking care to avoid spattering. Heat the residue for at least 15 min- 
utes at 110-120° to dehydrate silica. Digest the residue with 25 ml 
of 6 A nitric acid, and heat a few minutes to dissolve the soluble mate- 
rial. Filter and wash with small portions of hot water, receiving the fil- 
trate and washings in a 300-ml Erlenmeyer flask. Continue to wash until 
5 ml of the filtrate will give no precipitate of calcium phosphate when 
neutralized with ammonia. If a precipitate is obtained, pour the test 
back into the filtrate. The volume of the solution should not exceed 
100 ml at this point. 

To the filtrate, carefully add 6 N ammonium hydroxide solution until 
a slight permanent precipitate is produced of calcium phosphate. Dis- 
solve this by adding a few drops of 6 AT nitric acid. Heat the solution 

ilf only alkalies are present there wiU be no turbidity; add the ammonium 
carbonate until the solution is neutral. 
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to about 66°, and add 75 ml of ammonium molybdate reagent.^ Keep 
the solution at this temperature for half an hour, filter, and wash once 
by decantation with an acid solution of ammonium nitrate^ and at 
least 6 times on the filter. When the washing is complete place the 
flask containing the bulk of the precipitate under the funnel and allow 
6 N ammonium hydroxide solution to drop upon the upper edge of the 
filter from a buret, until enough has been added to dissolve all the 
precipitate on the filter paper and that in the flask. Rotate the con- 
tents of the flask from time to time and avoid using an unndbessary 
excess of ammonia. Wash the filter paper thoroughly with hot water. 
The volume should not exceed 200 ml at this point. Drop a piece 
of sensitive litmus paper into the solution and add 6 N hydrochloric 
acid, with constant rotation of the flask, until the litmus paper in the 
solution turns pink. Add 10 ml of magnesia mixture and heat almost 
to the boiling point. Add 2-3 drops of phenolphthalein indicator, and 
neutralize with 1.5 N ammonium hydroxide until the solution is colored 
pink by the indicator. Cool, add one-fifth of the solutionis volume of 
concentrated ammonium hydroxide, and allow to stand for at least 4 
hours. Continue the analysis by any one of the methods described on 
p. 258 for treatment of the MgNIl 4 P 04 - 6 H 20 precipitate in the deter- 
mination of magnesium. 

TmosuLFURic Acid, H 2 S 2 O 3 . Mol. Wt. 114.14 
Form : Barium Sulfate, BaS 04 

Treat the aqueous solution of the alkali thiosulfate with an ammo- 
niacal solution of hydrogen peroxide, or with ammoniacal percarbonate 
solution, heat for some time on the water bath, and then boil to destroy 
the excess reagent. Make the solution acid with hydrochloric acid, 
and precipitate the sulfuric acid formed by the above treatment as 
barium sulfate. Two moles of BaS 04 correspond to 1 mole of H2S2O3. 

A much better procedure for the estimation of thiosulfuric acid will 
be discussed under “ lodimetry,'' Chapter XV. 

The remaining acids of this group, arsenious, arsenic, vanadic, and 
chromic, have been discussed under the respective metals; periodic acid 
is analyzed in precisely the same way as iodic acid. 

1 See p. 373 for the composition of the reagent. If the slightly ammoniacal reagent 
is preferred, omit the neutralization with NH4OH. 

* Mix 100 ml of 6 AT ammonium hydroxide with 325 ml of 6 A nitric acid and dilute 
with 100 ml of water. 



CHAPTER X 
GROUP V OF ANIONS 
NITRIC, CHLORIC, AND PERCHLORIC ACIDS 
Nitric Acid, HNO 3 . Mol. Wt. 63.02 

Forms: Nitron Nitrate, C 2 oHi 6 N 4 -HN 03 ; Nitrogen Pentoxide, N 2 O 6 ; 

Ammonia, NH 3 ; Nitric Oxide, NO, and Volume trically 

1. Determination of Nitric Acid as Nitron Nitrate^ 

The base diphenylendoanilohydrotriazole, C^^oHisNi 

PhN N 

I li 

HO<^>C 

Ph 

called nitron for short, forms a fairly insoluble, crystalline nitrate, C 2 oHi 6 N 4 -HN 08 , 
which can be used for the separation and quantitative estimation of this acid. To 
prepare the reagent nitron acetate, dissolve 10 g of nitron in 100 ml of 5 per cent 
acetic acid. It keeps fairly well in a diirk bottle. 

Procedure. Take a sample equivalent to not more than 0.1 g of 
nitric acid, and dissolve in 80—100 ml of water containing 1 ml of glacial 
acetic acid. Heat the solution nearly to boiling and add at one time 
10-12 ml of nitron acetate solution. Allow the precipitate to stand 
24 hours in a dark place, then filter into a Gooch or Munroe crucil)le 
and drain as completely as possible from the pale yellow mother liquor. 
Wash with 50 ml of ice water saturated with nitron nitrate, added in 
small portions, and drain the precipitate well after each washing. Dry 
at 110® for 2 hours. The precipitate contains 16.79 per cent of HNO3. 

Remarks. The method gives good results in the presence of sulfate and iodate 
ions. If large quantities of chloride are present a correction should be appli^, 
aa determined by an analysis with pure nitric acid and the same weight of chloride. 

In 100 ml of very dilute acid, approximately the following weights of nitron salts 
dissolve: 0.0099 g of nitrate, 0.008 g of perchlorate, 0.017 g of iodide, 0.04 g of 
thiocyanate, 0.06 g of chromate, 0.12 g of chlorate, 0.19 g of nitrite, 0.61 g of bromide. 

1 M Busch, Ber., 38, 861 (1905); A. Gutbier, Z. angew. Chem., 1906, 494. 
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The results of the nitric acid determination are a little high rather than low, 
owing to occlusion of a little precipitant. 

Besides the acids represented by the above difficultly soluble salts, ferro- and 
ferricyanic, picric, and oxalic acids interfere with the determination. Hydrobromic 
acid can be decomposed by adding chlorine water, drop by drop, to the boiling solu- 
tion until the yellow color of bromine disappears, hydriodic acid by adding an ex- 
cess of potassium iodate to the neutral solution and boiling off the iodine. Nitrous 
acid can be removed by dropping powdered hydrazine sulfate into the concentrated 
solution and chromic acid by reduction with hydrazine sulfate. 


2. Determination of Nitric Acid as Nitrogen Pentoxide^ 

This method is based upon the fact that, when an intimate mixture 
of a dry nitrate is heated with an excess of silica, nitrogen pentoxide 
is evolved and the amount is determined by the loss in weight: 

2NaN03 + SiOa = Na2Si03 + N2O5 

This method cannot be used when any other volatile substance is 
present, which is usually the case. 

3. Determination of Nitric Acid as Ammonia^ 

The usual method for the determination of nitric acid is to reduce 
it in alkaline solution to ammonia by means of aluminum, zinc, or, 
best, Devarda’s alloy (cf. Vol. I) : 

N03“ + 4Zn + 70H' 4Zn02“ + NH3 1 + 2H2O 

After the reduction, the solution is distilled into a known quantity 
of acid and the excess of the acid found by titration, or the ammonia 
can be determined as ammonium chloroplatinate or as platinum (cf. 
pp. 287-288, h and c). 

Procedure. Place about 0.5 g of the nitrate in a 500-ml Erlenmeyer 
flask (Fig. 64) and dissolve in 110 ml of water. To this solution add 
5 ml of alcohol, 50 ml of caustic potash (d 1.3), and 2-2.5 g of powdered 
Devarda^s alloy. Or, instead of Devarda^s alloy, use 5 g of well-washed 
zinc and 2 g of ferrous sulfate. For the caustic potash solution, 80 ml 
of saturated sodium hydroxide solution can be substituted. At once 
connect the flask with the distillation apparatus shown in the figure. 
The left arm of the 250-ml P61igot tube, A, is connected by a curved tube 
with the middle bulb, so that a spurting back of the liquid is avoided. 
The delivery tube (of potash glass) connecting the flask K with the 
tube A is about 1 cm in diameter and is provided with a small opening 

1 Reich, Z, Chem., 1, 86 (1862). 

* Devarda, Z. anal. Chem., 33 , 113 (1894) ; Pannertz, Z. anal. Chem., 39 , 318 (1900); 
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at Oy inside the flask, to prevent spurting of condensed liquid over into 
A. Place exactly 20.00 ml of 0.5 N sulfuric acid in A and dilute so that 
the solution just reaches to each of the bulbs on the side. Place exactly 
5.00 ml of the acid in with a few drops of methyl orange indicator 
solution, and dilute in the same way. Connect the tubes A and B by 
means of a T-tube, of which the upper end is closed by a pinchcock upon 
a piece of rubber tubing, so that a piece of red litmus paper may be intro- 
duced here if it is desired to see whether NH3 is escaping. 

When all is ready, gently heat the contents of the flask K to start 
the reaction, then remove the flame and allow the reaction to proceed 



by itself. After an hour this will be shown to be complete by the 
cessation of the hydrogen evolution. Then slowly heat the liquid in K 
to boiling, and keep at this temperature until about half of the liquid 
has distilled over into A ; this requires about half an hour. During 
the last 10 minutes pass a slow current of air through the tube r. 

If the distillation has been correctly performed, all the ammonia 
will now be found in A ; no trace should reach By and the red litmus 
paper in the T-tube should show no tinge of blue. 

When the distillation is finished, open the pinchcock at r and remove 
the flame. Add a little methyl orange to A whereby the liquid is 
colored red, pour the contents of B into A and rinse out B with water 
that is added to A. Finally titrate the excess of the sulfuric acid with 
0.5 N caustic alkali solution until a yellow end point is obtained. The 
amount of nitric acid is computed as follows: 

If t ml of 0.5 N base is used in the titration of a g of substance, then 

(25 - 0 X 3.151 ^ = per cent N2O6. 

a ^ 
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Determination of Nitric Acid as Nitric Oxide 

Method of Schldsing and GrandeaUy modified by Tiemann and Schulze^ 

Principle. If a nitrate is heated with ferrous chloride and hydrochloric acid, 
the nitric acid is reduced to nitric oxide: 

NaNO, -f 3FeCl2 + 4HC1 = NaCl + SFeClj + 2 H 2 O + NO 

From the volume of the nitric oxide its weight can be calculated. 

The method of Schldsing in its original form^ was not much used on account of 
the apparatus required; but after being modified by Grandeau® it became one of 
the best methods for the determination of nitric acid. 

The apparatus necessary, shown in Fig. 65, consists of a 150-ml flask K fitted with 
a double-bored rubber stopper. Through one of the holes pass the tube 6, which 



reaches into the flask just to the lower surface of the stopper; through the other 
hole pass the tube a* ending in a restriction about 1 mm wide and reaching 1^ cm 
below the stopper. Connect the tube h by means of a piece of rubber tubing 5 cm 
long, and provided with a pinchcock, with a second tube whose lower end reaches up 
into the measuring tube and is covered with rubber tubing as is shown in the figure. 
In the same way connect the tube a with a straight tube. 

Solutions Required. 1. A nitrate solution of known strength; dissolve 2.022 g 
of recrystallized potassium nitrate, dried at 160°, in 1 1 of water. At 0° and 760 mm 
pressure, 50 ml of this solution evolves 22.39 ml of NO. 

2. Ferrous chloride solution. Dissolve 20 g of iron (nails) in 100 ml of concen- 
trated hydrochloric acid. 

3. Six normal hydrochloric acid </ 1.1. 


1 Z. anal. Chem., 9 , 401 (1870), and Ber.y 6, 1041 (1873). 

* Ann. chim. phys., [3] 40 , 479 (1853). 

* Grandeau, Analyse chimique appliquie d V agriculture. 

^ Grandeau used a separatory funnel instead of the tube a; the latter was proposed 
by Tiemann and Schulze. 
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Procedure. Pour 10 ml of water into K and mark its upper level 
on the outside of the flask with a colored pencil, then add 40 ml more 
and mark its position. 

Now pour out the water and add from a pipet exactly 50.00 ml of the 
standard nitrate solution to K, insert the stopper with the delivery tubing 
in place, and open the pinchcocks h' and h". Heat the contents of the 
flask to boiling with a free flame until no more bubbles of air escape from 
the lower end of b into the bath containing boiled water. To make sure 
that all the air is expelled from the apparatus, pinch the rubber tubing at 
h' with the thumb and finger; if no air is present, the liquid will quickly 
rise in 6, exerting a noticeable pressure. Then close the pinchcock A' 
and continue the boiling until the 50 ml has been reduced to a volume 
of 10 ml; then remove the flame and close the pinchcock h". The lower 
end of a, which dips into distilled water, is immediately filled up to the 
pinchcock. The vapors in the fkask condense, forming a vacuum, as 
shown by the closing together of the nibber tubing at h' and A". 

Pour 30 ml of the ferrous chloride solution into a beaker and mark 
the upper level on the outside with a colored pencil; add 20 ml more 
and note the position in the beaker again. Place the lower end of the 
tube a in the ferrous chloride solution so that it reaches below the lower 
mark on the beaker, and, by opening A", allow 20 ml of the solution 
to pass into the flask K. Then replace the beaker containing the 
ferrous chloride with one containing boiled water. The tube a should 
not extend vertically into the water, but should be inclined as much 
as possible. The specifically heavier ferrous chloride solution in the 
tube passes into the water, and the water takes its place. When the 
lower end of a has become filled with pure water in this way, dip it into 
a beaker containing G N hydrochloric acid and allow about 20 ml of 
the acid to flow into K, and finally add 3-4 ml of water to replace the 
acid in a. Now fill a 50-ml measuring cylinder with boiled water, 
place over the lower end of 6 as shown in the figure, and heat the con- 
tents of the flask K 15 minutes on the water bath,' then boil with a 
free flame. As soon as the compressed rubber tubing begins to expand 
open A' but at the same time pinch the rubber tubing between the 
thumb knd finger. When the liquid no longer rises in 5, remove the 
hand from the rubber tubing and allow the nitric oxide to collect slowly 
in the measuring tube. After half of the liquid ha^ 
further evolution of nitric oxide is to be noticed, although the ^I’own 
color of the solution shows that the gas has not been completely expelled. 

iTheheTting on the water bath is necessary, as otherwise a little ni^c acid wiU 
dista over an7not be reduced. A. Wegelin, Inaug. Dieeert.. Zunch, 1907. 
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To accomplish this, remove the flame, close /i', and allow the liquid in K 
to cool. By means of the vacuum thus produced the remainder of the 
nitric oxide is expelled from the solution. Repeat the boiling once more, 
with the same precautions, until the lower mark is reached. Remove 
the flame, close /i', and place the measuring tube containing the nitric 
oxide in a cylinder containing pure water at the temperature of the room. 
To prevent the tube containing the gas from sinking, encase its upper 
end in a large cork so that it floats on the water. After allowing to stand 
for 15-20 minutes raise the tube, by means of the cork, until the level 
of the liquid within stands at the same height as that in the cylinder 
without, and read the volume of the gas. At the same time take the 
temperature of the water and note the barometer reading. 

If the temperature was f, the barometer reading B ml, and w the 
tension of aqueous vapor at fy then the corresponding volume at 0° 
and 760 mm pressure is 

V(B - w)27S 
" ” 760(273 + t) 

Now 50 ml of the standard potassium nitrate solution contains 0.101 1 g 
of KNO3 corresponding to 0.05401 g of N 2 O 6 , so that the volume Vo 
of the nitric oxide corresponds to 0.05401 g of N 2 O 6 . Repeat the experi- 
ment several times and use the mean value. It is not permissible to 
assume that 0.1011 g of KNO3 will furnish exactly 22.39 ml of nitric 
oxide as a little always remains in the flask. 

Now carry out the same procedure with 50 ml of the solution of the 
unknown nitrate, which should be prepared so that the amount of nitric 
oxide evolved will be about the same as that from 50 ml of the standard 
solution. 

Good results are obtained by this method, but the rubber stoppers are 
attacked quite badly and analyses are sometimes spoiled by not opening 
the pinchcock A' at just the right time. These difficulties have been 
overcome by Wegelin^ in the apparatus shown in Fig. 66. The decom- 
position flask K has a capacity of about 120 ml. Its neck is about 
9 cm long, and into it are fused glass tubes k and s connecting the flask 
with the funnel T and the delivery tubing G. The results are a little 
too high by this method so that it is advisable to carry out the standard- 
ization with about the same quantity of nitrate as taken for actual 
analysis. 

Modified Procedure. Through the funnel T pour the concentrated 
solution of the weighed nitrate and rinse out the funnel with 50 ml 


^ Doctorate Thesis, Ziiricb, 1907. 
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of water. Close the stopcock a, and boil the liquid in K. Have the 
75-cni-long tube g in place, dipping under mercury in the small dish (r, 
but do not have the tube C over the end of the tubing. After half 
the liquid in K has boiled away, remove the flame and allow mercury 
to suck up into the tube g, Mark the height of the mercury; if it does 
not fall during 15 minutes, the apparatus is tight. Again heat the 
Uquid in K to boiling, and when steam escapes, at the bottom of g^ 
open the stopcock Qi and drive out all air from the tubing k. Boil, 
with Qi open, until the liquid in K is reduced to 10 ml as shown by the 
mark etched on the flask. Then close Qi and allow the liquid in K to 



cool a little. Pour 20 ml of standard ferrous chloride solution into T 
and cause it to flow into K by carefully opening the stopcock but tak- 
ing care not to let any air in. Rinse out T with 80 ml of 6 N hydro- 
chloric acid and place the cylinder C, filled with mercury, over the end 
of the tubing g. Heat the contents of K 20 minutes, with the water 
bath W in place, and then boil with a free flame until the volume of 
liquid is reduced to 10 ml. Remove the flame and transfer the gas 
in C into the Drehschmidt pipet, P, by lowering the leveling bulb AT, 
and opening Pi and Q*. Also introduce 0.5 ml of 33 per cent caustic 
potash solution through the tip of the stopcock Pi. This serves to 
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absorb hydrochloric acid gas. After a little while, transfer the gas to a 
gas buret and measure it over mercury or over water. 

It is also permissible to collect the gas over water. In that case 
have the 75-cm tube g end in a 6-7 cm T-tube G\ open at both ends. 
Fill the dish n with mercury till level with the upper end of the T-tube, 
and place n in the dish m\ containing water. 

Detennination of Nitric Acid in a Drinking Water 

Evaporate 100-300 ml of the water to 40-50 ml in a porcelain dish, 
add a few drops of methyl orange indicator solution, and dilute hydro- 
chloric acid, free from nitrate, until the solution is pink. Now add 
sodium carbonate solution until the liquid is barely alkaline and wash 
the contents of the flask into the decomposition flask K, Fig. 65, and 
analyze as described on p. 387, but collect the gas over 10 per cent 
sodium hydroxide solution, to make sure that the carbonic acid is com- 
pletely absorbed. 

After the experiment with the water to be analyzed, repeat with 
an amount of the standard solution sufficient to evolve about the same 
quantity of nitric oxide. 

Remark. In drinking water the neutralization of the evaporated sample is not 
absolutely necessary, except with alkaline mineral waters; in that case the intro- 
duction of the hydrochloric acid would otherwise cause such a violent evolution of 
carbon dioxide that the flask might crack. 


Chloric Acid, HC 103 - 7 H 20 . Mol. Wt. 210.68 

Form : Silver Chloride, AgCl, besides volumetric and 
gasometric methods 

To determine chloric acid as silver chloride it must previously be 
reduced to chloride by means of ferrous sulfate or zinc. 

Reduction by Means of Ferrous Sulfate 

Dissolve 0.3 g of chlorate in 100 ml of water, add 50 ml of a 10 per 
cent solution of crystallized ferrous sulfate, heat with constant stirring 
till the solution begins to boil, and keep at this temperature for 15 
minutes. After cooling, add nitric acid until the deposited basic ferric 
salt is dissolved, precipitate the chloride by means of silver nitrate, and 
weigh after the usual treatment. 

One gram of silver chloride corresponds to 0.8550 g KClOa. 
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Reduction by Zinc 

Although chlorates are reduced in neutral solution by means of 
zinc or Devarda’s alloy, it is not advisable to effect the reduction in 
this way for quantitative purposes. The same end is reached more 
expeditiously by adding zinc dust to an acetic acid solution. Treat 
the dilute chlorate solution with acetic acid until it reacts distinctly 
acid, add an excess of powdered zinc, and boil the solution for I hour. 
After cooling, add nitric acid in sufficient quantity to dissolve all the 
excess of zinc, filter if necessary, and determine the chloride as silver 
salt (p. 291). 

Remark. Both the above methods alTord exact results, but the former is to 
be preferred, for it requires less time. 

Chlorates are not decomposed quantitatively into chlorides by igni- 
tion in open vessels or in a current of carbon dioxide. Some chlorine 
and a little alkali are always lost, so that, even when the residue is evapo- 
rated with hydrochloric acid, too low results are obtained. 

According to the two following methods, the decomposition of alkali 
chlorate into chloride is quantitative. 

Reduction with Hydrochloric Acid 

Cover 0.3 g of chlorate in a weighed porcelain crucible with 1.5 iV 
hydrochloric acid. Place a watch glass upon the crucible, and heat 
the contents on the water bath until the evolution of chlorine ceases. 
Rinse off the lower surface of the watch glass, and evaporate the con- 
tents of the crucible to dryness on the water bath. Replace the cover 
and gently ignite over a free flame until the decrepitation ceases. After 
cooling in a desiccator, again weigh the crucible. 

Reduction by Ignition with Ammonium Chloride 

Mix the alkali chlorate in a porcelain crucible with 3 times as much 
pure ammonium chloride, cover with a watch glass, heat over a free 
flame, keep in constant motion until the ammonium chloride is com- 
pletely removed, and weigh the residual alkali chloride. 

Perchloric acid, HCIO4. Mol. Wt. 100.46 
Form: Silver Chloride, AgCl 

Perchlorates cannot be reduced to chlorides by means of ferrous sul- 
fate, zinc, or by repeated evaporation with concentrated hydrochloric 
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acid.^ On ignition, some chlorine and alkali chloride and probably 
a little perchloric acid are lost, so that an error amounting to as much 
as 1 per cent may be expected. On the other hand, Winteler has 
shown that perchlorates may be changed to chlorides by heating with 
concentrated nitric acid and silver nitrate in a closed tube (see Carius’ 
method for determining chlorine in organic substances, p. 293), and 
L. Blangey found that ignition with ammonium chloride would accom- 
plish the same result. With 0.3 g of perchlorate and 2 g of ammo- 
nium chloride, 90 minutes should be sufficient for complete reduction. 

Decomposition of Perchlorates by Ignition with Ammonitim Chloride 

By twice igniting an intimate mixture of 0.5 g potassium perchlorate 
with 1.5-2 g of ammonium chloride in a platinum crucible covered with 
a watch glass, the perchlorate is completely changed to chloride. Care 
should be taken not to melt the residual chloride, for then the plati- 
num is attacked, although the accuracy of the results is not affected. 
The reduction cannot be accomplished completely in a porcelain cru- 
cible unless platinum is present as catalyzer. If 0.5 g of alkali per- 
chlorate is mixed with 1 g of ammonium chloride, and 1 ml of chloro- 
platinic acid solution (0.0918 g Pt) is added, a complete reduction can 
be accomplished by igniting and repeating with 2 more additions of 
ammonium chloride. 

Determination of Perchloric Acid in the Presence of Chloric Acid 

In one portion reduce the chlorate, as described on p. 390, with fer- 
rous sulfate, and determine the chloride formed as silver chloride. 
Ignite a second portion in an old platinum crucible (or in one of por- 
celain with the addition of 1 ml of chloroplatinic acid) and 3 times 
as much ammonium chloride (as described above). In this way the 
total amount of chlorine is obtained, and from these data the amount 
of each acid can be calculated. 

Determination of Perchloric, Chloric, and Hydrochloric Acids in the 
Presence of One Another 

The three acids are assumed to be present in the form of their alkali salts. 

In one portion determine the chloride-chlorine by precipitation with 
silver nitrate. In a second sample determine the chlorate and chlo- 
ride-chlorine after the chlorate has been reduced to chloride by means 
of ferrous sulfate. Determine the total amount of chlorine present 
in a third portion after ignition with ammonium chloride. 

' On evaporating with hydrochloric acid there is a loss without any evolution 
of chlorine; it is due to the volatilization of small amounts of perchloric acid. 



CHAPTER XI 

GROUP VI OF ANIONS 

SULFURIC, HYDROFLUORIC, AND FLUOSILICIC ACIDS 
Sulfuric Acid, H 2 SO 4 . Mol. Wt. 98.08 
Fonii : Barium Sulfate, BaS 04 

Theoretically the gravimetric determination of sulfuric acid is ex- 
tremely simple, it being only nccc.ssary to precipitate with barium 
chloride, filter, and weigh the barium sulfate. Practically, however, 
it is a process connected with many diffiiailties. 

According to the manner of precipitating barium sulfate, the com- 
position of the precipitate varies in such a way that sometimes the 
results are too high and sometimes too low. 

Errors Which May Occur in the Precipitation of Barium Sulfate. /. In IIk 

Precipitation of Barium Chloride with Pure Sidfuric Acid. If n dilute, slightly acid 
solution of barium chloride is treated at the boiling temperature with an excess 
of dilute sulfuric acid, the precipitate contains all the barium except a very sma 1, 
negligible amount. If, however, the precipitate is weighed, the result is invariably 
too low; and this is true even when the solution is evaporated to dryncas m older 
to recover the last traces of barium. The precipitate always contains barium 
chloride in a form which cannot be removed by washing. A mixture, therefore, of 
barium sulfate and barium chloride is weighed, and as the molecular weight of the 
chloride is less than that of the sulfate, the result must ha too low To obtam 
accurate results, the chlorine combined with barium in the precipitate must ^ 
renlaced by SO,; and this can be accomplishcil by moistening the precipitate with 
concentrated sulfuric acid, and heating until the excess of the acid is removed by 

'^°*Nbt only is barium chloride carried down with barium sulfate, but all banum 
salts as well, especially the chlorate and nitrate. These are, however, 
changed to sulfate by the above treatment with concentrated sulfuric ^id. It is 
immaterial in the estimation of barium how the precipitation is effected; whether 
the sulfuric acid is added quickly, or drop by drop the results arc always the same^ 
II In the Predpitalion of Pure Stdfurie Actd with Barium CMon^. This is the 
reverse process, but here it is not a matter of indifference whether the barmm 
chloride is added slowly, drop by drop, or rapidly aU at one time. In the first 
instance, the results are very near the truth without the apphcation of any eorrection 
in the second, too high results arc obtained, because by the rapid ^dition of the 
reagent more barium chloride is carried down with the precipitate than when the 
reagent is added very slowly. 
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To obtain the true weight of barium sulfate, it is often necessary to make a 
deduction for the amount of barium chloride contained in the precipitate and to 
add the weight of barium sulfate remaining in solution. 

The chlorine contained in the precipilale can he determined in several different ways. 

1. Fuse the precipitate with 4 times as much pure sodium carbonate, extract the 
melt with hot water, filter, make the filtrate acid with nitric acid, and precipitate 
the chlorine with silver nitrate. Filter and weigh. 

2. Still more accurate is the process of Hulett and Duschak.^ Place the ignited 
precipitate of barium sulfate in a U-tube of which one arm is drawn out into a thin, 
right-angled, gas delivery tube. Add concentrated sulfuric acid to the precipitate 
and heat the mixture by placing the U-tube in hot water. The barium sulfate dis- 
solves readily in the hot, concentrated sulfuric acid, and the barium chloride present 
is decomposed. To determine the amount of hydrochloric acid set free, pass a slow 
stream of air, which has been washed with caustic potash solution, through the tube, 
with the drawn-out end of the tube dipping into a stout test tube containing 0.01 N 
silver nitrate solution. After 2-2.5 hours all the hydrochloric acid will have been 
expelled from the sulfuric acid. 

Remove the decomposition apparatus,, rinse out the gas delivery tube with a little 
water, and determine the silver remaining in solution volumetrically (cf. Volhard 
method). 

For the determination of the dissolved barium sulfate, evaporate to dryness the 
filtrate from the first precipitation, moisten the residue with a few drops of concen- 
trated hydrochloric acid, take up with water, filter off the slight precipitate of barium 
sulfate, and weigh. During all such work take care to prevent sulfuric acid con- 
tamination from the air in the laboratory. The evaporation should, therefore, take 
place on the steam bath or steam table. 

Calcidation of the True Weight of Barium Sulfate. If the weight of the first pre- 
cipitate of crude barium sulfate is a, the weight of the barium chloride contained in 
this precipitate, as determined by titration of the amount of chlorine, is 6, and the 
amount of barium sulfate in solution is c, then a — 6 -f c represents the weight of 
pure barium sulfate. 

Experience has shown, however, that, when pure sulfuric acid is precipitated by 
means of dilute barium chloride solution added drop by drop, the errors b and c are 
approximately equal and counterbalance each other so that the weight a is very 
close to that of the pure barium sulfate. 

III. In the Precipitation of Sulfates with Barium Chloride. Here the relations are 
far more complicated than in the precipitation of pure sulfuric acid, partly because 
the barium sulfate is more soluble in salt solutions than in water containing a little 
acid, and partly because of the tendency of barium sulfate to occlude not only 
barium chloride but many other salts as well. Solutions of chromium sulfate are 
either violet or green. From the boiling-hot green solution only one-third of the 
sulfuric acid is precipitated, the remainder probably being present in the form of a 
complex chrome-sulfate cation;* on cooling, the green solution gradually becomes 
violet, and after some time all the sulfuric acid is precipitated. The precipitation 
of barium sulfate in the presence of ferric iron has been much studied. In the boiling- 
hot solution, not all the sulfuric acid is precipitated and considerable iron is thrown 
down with the barium sulfate, and furthermore, the precipitate then loses SO* on 


*Z. anorg. Chem.^ 40, 196 (1904). 

*Recoura, Compt. rend., 113, 857; 114, 477. 
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ignition. Since ferric oxide weighs less than an equivalent weight of barium sulfate 
sometimes the results are as much as 10 per cent too low. On the other hand, 
Ktister and ThieF were able to get satisfactory results (1) by precipitating the 
sulfuric acid from such a solution in the cold, (2) by slowly adding the ferric chloride 
and sulfuric acid solution to the hot solution of barium chloride, or (3) by precipitating 
the iron by an excess of ammonia, heating, adding barium chloride to the solution 
without filtering off the ferric hydroxide, and finally dissolving the ferric hydroxide 
in dilute hydrochloric acid. 

Most chemists, however, deem it advisable to remove trivalent metals before 
attempting to determine the sulfuric acid. This is accoini)lished in the case of ferric 
iron by adding a liberal excess of ammonia to the dilute, slightly acid solution which 
is at a temperature of about 70°. If 5-7 ml of concentrated ammonia {d 0.90) is 
added in excess of the amount required for neutralization,’ the precipitate is not 
likely to contain any l>asic ferric sulfate. If, on the other hand, the solution is 
barely neutralized with ammonia, the precipitate will invariably contain some 
sulfate. 

The bivalent metals are occluded to a much loss extent, so that it is not, as a rule, 
necessary to remove them. On the other han<l, in the presence of considerable 
amounts of bivalent metal with relatively small amounts of sulfuric acid, the error 
arising from occlusion is likely to be large, so that it is better to remove the bivalent 
metals. The error caused by ferric salts can Ixi largely overcome by reducing the 
iron with zinc. 

In the presence of alkali nitrate or chlorate the barium sulfate i)recipitatc will 
contain considerable quantities of barium chlorate and nitrate which it is impossible 
to remove by washing with hot water. These acids, therefore, must be det^oinposed 
by evaporation with hydrochloric acid before the precipitation of the sulfuric acid 
is attempted. 

In ordinary chemical practice it is usually a question of determining sulfuric 
acid in a solution containing considerable amounts of ammonium or alkali chloride, 
ammonium or alkali sulfate, and some free hydrochloric acid. Now ammonium and 
alkali sulfates are also occluded by barium sulfate, and tlie amount of occlusion 
increases as the solution is more concentrated with respect to these substances. 
For this reason it is evident that barium sulfate should always be precipitated in a 
dilute solution. On the other hand, if the solution is too dilute or very concentrated 
the crystals are so small that they will run through a filter. A small amount of free 
hydrochloric acid is indispensable, but larger amounts have a solvent effect upon 
the precipitate. One might think that adsorbed ammonium chloride would do no 
harm, but it has been found to cause some volatilization of sulfate during ignition. 

For an amount of sulfuric acid corresponding to 1-2 g of barium sulfate, the 
precipitation should take place in a volume of 350 400 ml and in the presence of 
1 ml of 12 N hydrochloric acid. 

If a neiUrcU solution is at hand, dilute to a volume of 350 ml and add 1 ml of con- 
centrated hydrochloric acid. Carefully neutralize an alkaline solution with hydro- 
chloric acid, using methyl orange as indicator, add 1 ml of concentrated hydrochloric 
acid in excess, and dilute the solution to 350 ml. 

Finally, in the case of an acid solution, either evaporate to dryness, moisten the 
residue with 1 ml of concentrated hydrochloric acid, and add 360 ml of water, or. 


’ Z. anorg. Chem., 22, 424. 

’ Pattinson, J. Soc. Chem. Ind.^ 24, 7. 
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with methyl orange as indicator, neutralize the solution with ammonia, add 1 ml of 
concentrated hydrochloric acid, and dilute to 350 ml. 

Remarks. In the presence of ammonium salts the precipitation of the barium 
sulfate should not be accomplished by the slow addition of the barium chloride, as is 
otherwise desirable, for, as Hintz and Weber have shown, this leads to low results, 
whereas the occlusion caused by the rapid addition of the barium chloride counter- 
balances this error. 

Under no circumstances should a precipitate of barium sulfate be heated over 
a blast lamp, for then sulfuric anhydride is evolved from the barium sulfate. 

To explain the occlusion of barium chloride by barium sulfate, Hulett and Duschak^ 
suggested that perhaps the precipitate might contain salts such as BaCl-HSOi, 
(BaCl) 2 S 04 , and Ba(HS 04 ) 2 , and Folin* believed that this was so because some of 
his precipitates lost SOa on ignition while others lost HCl. He also suggested the 
possibility of salts such as Ba(KS 04)2 being precipitated. 


Determination of Sulfuric Acid in Insoluble Sulfates 

Calcium and strontium sulfates can be decomposed by long digestion 
with ammonium carbonate solution. Barium sulfate is decomposed 
so slowly by boiling with a soluble carbonate that it is best to mix with 
4 times as much sodium carbonate, fuse in a platinum crucible, extract 
the melt with water, and wash the barium carbonate residue with so- 
dium carbonate solution. Make the filtrate acid with hydrochloric acid, 
boil off the carbon dioxide, and precipitate the sulfuric acid as usual. 

Lead sulfate can be decomposed by boiling with sodium carbonate 
solution; after cooling, saturate the solution with carbon dioxide and 
filter. The lead remains behind as carbonate; the filtrate contains 
all the sulfuric acid. 

For the determination of sulfuric acid in silicates, fuse the finely 
powdered substance with 6 times as much sodium carbonate, extract 
the melt with water, make the filtrate acid with hydrochloric acid, and 
evaporate to dryness to dehydrate the silica. Moisten the residue with 
a little concentrated hydrochloric acid, take up in hot water, and filter 
off the silicic acid. Determine the sulfuric acid in this filtrate. 

Determination of Sulfuric Acid in the Presence 
of Soluble Sulfides 

Place the substance in a flask, replace the air by carbon dioxide, 
add dilute hydrochloric acid, and boil the solution while passing carbon 
dioxide through it until all the sulfide has been expelled. Then pre- 
cipitate the sulfuric acid from the solution. 


1 Loc. cU. 

*/. Biol. Chem., 1 , 131 (1905). 
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This determination is used in the analysis of cements but the hydro- 
chloric acid solution of the cement will contain much calcium as well 
as iron and aluminum. It is best to precipitate these metals by the 
addition of ammonia and ammonium carbonate and determine the sul- 
furic acid in the filtrate. 

If it is desired to determine the amount of sulfide-sulfur, cover the 
substance with concentrated hydrochloric acid that is saturated with 
liquid bromine, dilute, add hydrochloric acid, and boil the solution to 
expel the excess of the bromine. Precipitate the iron, aluminum, and 
calcium by ammonia and ammonium carlx>nate, and determine the 
total sulfur in the filtrate. The difference between the two results 
represents the amount of sulfur present as sulfide. For the volumetric 
determination of sulfuric acid see Chapter XVII. 

Hydrofluoric Acid, HF. Mol. Wt. 20.01 

Forms: Calcium Fluoride, CaFj; Silicon Fluoride, SiF 4 ; besides 
volumetric and gasometric methods 

1. Determination as Calcium Fluoride 

If the solution contains free hydrofluoric acid or an acid fluoride, 
add sodium carbonate until the reaction is alkaline and from one-fourth 
to one-fifth as much more in excess. By the excess of sodium carbon- 
ate the subsequent precipitate of calcium fluoride will contain calcium 
carbonate, which renders the precipitate easy to filter. A pure precipi- 
tate of calcium fluoride is slimy, and the pores of the filter become so 
clogged that it is almost impossible to complete the filtration. To 
solutions of neutral fluorides, add about 1 ml of 2 AT sodium carbonate 
solution. Heat the alkaline solution to boiling, add an excess of cal- 
cium chloride solution, filter, and thoroughly wash the precipitate of 
calcium fluoride and carbonate with hot water. Dry the precipitate, 
transfer as much of it as possible to a platinum crucible, add the ash of 
the filter, and ignite the contents of the crucible. The ignition makes 
the CaF 2 denser and hence easier to filter. After cooling, cover the 
mass with an excess of dilute acetic acid; this changes the lime to the 
soluble acetate, but does not affect the fluoride. Evaporate the mix- 
ture to dryness on the water bath; moisten the residue with water and 
a few drops of 6 A acetic acid. Filter off the insoluble calcium fluoride, 
wash, and dry. Transfer as much of the dried CaF 2 to the crucible as 
possible, bum the filter paper, add its ash, and after ignition weigh the 
crucible. To confirm the result treat the substance with a little con- 
centrated sulfuric acid (added cautiously), evaporate off the excess of 



398 


GROUP VI OF ANIONS 


the acid, once more ignite, and weigh the contents of the crucible as 
calcium sulfate. Calcium fluoride is not volatilized in an open platinum 
crucible heated over a Bunsen burner. Heated over the blast lamp, 
there is appreciable volatilization. 

One gram CaF 2 yields 1.744 g CaS 04 . 

Remark. The results are usually a little low on account of the solubility of 
calcium fluoride; 100 ml of water dissolves 0.0016 g and 100 ml of 1.5 A acetic acid 
dissolves 0.011 g CaF 2 at the temperature of the water bath. 

Example: Determination of Fluorine in Calcium Fluoride. Calcium fluoride 
alone is not decomposed completely by fusing with sodium carbonate; but if mi.xed 
with times as much silica and then fused with 6 times as much sodium-potassium 
carbonate, the greater part of the silicic acid and all the fluorine will be changed to 
soluble alkali salts, while the calcium will be left as insoluble calcium carbonate. 
The mixture must be heated gnidually (best in a platinum dish), as otherwise the 
evolution of carbon dioxide may cause the melt to boil over. The thin liquid fusion 
soon changes to a thick paste or only sinters somewhat. On raising the temperature, 
it is almost impo.ssible to melt this mass further, and it is not necessary. In fact, 
too high a temperature is to be avoided on account of the danger of losing some alkali 
fluoride by volatilization. The reaction is complete when there is no further evolu- 
tion of carbon dioxide. After cooling, treat the melt with water, filter off the in- 
soluble residue, and wash thoroughly with hot water. Remove silicic acid by adding 
4 g of ammonium carbonate,^ heat for some time at about 40®, allow to stand over 
night, and in the morning filter off the voluminous precipitate. Wash it with 2 per 
cent ammonium carbonate solution (pure water will give a turbid filtrate). The 
filtrate now contains only a small amount of silicic acid. Evaporate almost to dry- 
ness on the water bath,^ dilute with a little water, and add a few drops of phenolphthal- 
ein indicator solution. The licpiid is colored pink by the indicator; add enough nitric 
acid to make it colorless. TTeat the solution to boiling, which causes the reappear- 
ance of the pink color. After cooling, again discharge the color with nitric acid, and 
repeat this operation until f nally the addition of 1-1)^ ml of 2 A nitric acid is suffi- 
cient to effect the decolorization. 

The solution still contains a little silicic acid which can be removed, as recom- 
mended by Berzelius, by precipitating with 2 ml of ammoniacal zinc oxide. To 
prepare this, add sodium carbonate to a neutral zinc solution, heat to boiling, filter, 
and wash with hot water. Dissolve the precipitate in the Schaffgottsche ammonium 
carbonate reagent (p. 289). After the addition of the ammoniacal zinc solution 
heat to boiling till the ammonia is wholly expelled, filter, and wash the precipitate 
with hot water. 

The above-prescribed use of nitric acid instead of hydrochloric acid is necessary 
because some phosphate is likely to be present which must be removed. To the 
still alkaline solution, add silver nitrate in slight excess. This serves to precipitate 
the phosphate (chromate), chloride, and carbonate of silver. Heat slightly, filter, 

' Before adding the ammonium carbonate, the greater part of the alkali car- 
bonate should be neutralized with dilute hydrochloric acid, but care should be taken 
not to make the solution acid. 

* The liquid foams during the evaporation owing to the decomposition of the 
excess of ammonium carbonate; the evaporating dish should be covered with a 
watch glass until the evolution of carbon dioxide ceases. 
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and wash with hot water. Remove the excess silver by adding a little stxiiuin 
chloride solution. Boil to coagulate, filter, and wash the precipitate with hot w^ater. 
Add 1 ml of 2 A sodium carbonate solution and precipitate wdth calcium chloride 
as described on p. 397. 

Determination of SUica and Fluorine in Glasses and Enamels 

The method just described is tedious. Hoffman and Lundell* have modified the 
procedure, so that the determination of fluorine and silica can be made in silicates in 
much less time and with greater accuracy. Instead of precipitating the fluorine as 
calcium fluoride, it is obtained as lead chlorofluoride, PbClF, w hich can be dissolved 
in dilute nitric acid and the chloride content determined by titration with silver 
nitrate (see Chapter XVII, “Volhard Method”). 

The precipitation of lead chlorofluoride should ta^:e place in a solution of pH 
3.5-5.6. The presence of as little fis 0.5 mg of aluminiim causes low' results as does 
more than 50 mg of boron, 0.5 g of ammonium, or 10 g of sodium or potassium. In 
the volumetric procedure small quantities of silica, phosphates, or sulfates do no 
harm. Phosphate may cause the filtrate from the lead chlorofluoride precipitate 
to become turbid. 

’ Lead chlorofluoride is appreciably soluble in water (0.325 g in 1 1 of water at 25°) 
but is practically insoluble in a saturated solution of lead chloride in cold water. 
Moreover, in washing the precipitate with water, less of the precipitate dissolves 
than corresponds to the formation of a saturated solution. 

Procedure. Fuse 0.5 g of saniph^, iii a platinum crucible, with about 
5 g of sodium carbonate. Leach the cooled melt with hot water and 
filter when its disintegration is complete. Wn^sh back the insoluble res- 
idue into the beaker used for the leaching, add 50 ml of 2 per cent sodium 
carbonate solution, boil a few minutes, filter, and wash with hot water 
until a drop of the filtrate is neutral to red litmus paper. The residue 
will contain a part of the silica in the original sample and must be 
saved for its determination. 

To the combined filtrates, at a volume of about 300 ml, add zinc 
nitrate solution which has been prepared l)y dissolving 1 g of zinc oxide 
in 20 ml of 1.5 N nitric acid. Boil I minute and filter off the precipi- 
tate. Wash thoroughly with hot water and save this precipitate also 
for the silica determination. 

Add a few drops of methyl red indicator solution to the filtrate and 
nearly neutralize with nitric acid. Evaporate to about 200 ml, but 
take care that the solution remains slightly alkaline. After this evapo- 
ration, however, add 1.5 AT nitric acid until the color of the solution is a 
very faint pink. Now add an ammoniacal zincate solution prepared by 
treating 1.0 g of zinc oxide and 2.0 g of ammonium carbonate with 20 ml 
of water and 2 ml of concentrated NH4OH and digesting on the water 
bath until the solution is clear, and heat in a covered platiniun dish 


* Bur. Standards J. Research, 3, 58 (1929). 
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until there is no more odor of ammonia, which usually requires evapora- 
tion to about 50 ml. Add 50 ml of warm water, stir, digest a few 
minutes, filter, and wash the precipitate with cold water. It contains 
the last traces of silica, and the filtrate contains all the fluorine. 

Determination of Silica. With the aid of a jet of 0.6 W hydro- 
chloric acid, transfer the three precipitates obtained above to the dish 
in which the last precipitation was made. Ignite the filters and add 
any residue to the contents of the dish. Now add 25 ml of concentrated 
hydrochloric acid and evaporate to dryness on the steam bath. Remove 
the dish from the steam bath, moisten the residue with 10 ml of con- 
centrated hydrochloric acid, warm slightly, and then add 100 to 150 ml 
of hot water. Digest on the steam bath for 15 minutes, filter, and wash 
thoroughly with hot dilute 0,6 N hydrochloric acid and then with hot 
water. Return the filtrate and washings to the dish in which the evapo- 
ration was made, add 10 ml of concentrated sulfuric acid, and evaporate 
until fumes of sulfuric acid are evolved. Allow to cool, add 100 to 150 
ml of water, heat carefully until salts are in solution, filter, and wash 
with hot water. Place the two papers containing the silica in a weighed 
platinum crucible, heat slowly until dry, next char the paper without 
inflaming, burn off the carbon at as low a temperature as possible, and 
finally ignite to about 1000° C. Cool in a desiccator, weigh, and repeat 
the heating until a constant weight is obtained. Determine the silica 
by treatment with hydrofluoric and sulfuric acids in the usual manner. 

Determination of Fluorine. Take the filtrate from which the three 
impure silica precipitates were removed and add a few drops of bromo- 
phenol blue indicator solution.^ Adjust the volume of the solution 
to 250 ml, add dilute nitric acid until the color changes to yellow, and 
then add dilute sodium hydroxide until it changes just to blue. Now 
add 2 ml of 6 hydrochloric acid and 5 g of solid lead nitrate, and 
heat on the steam bath. As soon as the lead nitrate is in solution, add 
5 g of solid sodium acetate, stir vigorously, and digest on the steam bath 
for % hour with occasional stirring. Allow to stand at least 4 hours at 
room temperature and then decant the solution through a paper filter of 
close texture. Wash the precipitate, beaker, and paper once with 
cold water, then 4 to 5 times with a cool saturated solution of lead 
chlorofluoride, and then once more with cold water. 

Transfer the precipitate and paper to the beaker in which the pre- 
cipitation was made, stir the paper to a pulp, add 100 ml of 0.75 N 
nitric acid, and heat on the steam bath until the precipitate is dis- 


^ Prepared by triturating 0.4 g of the dry powder with 6 ml of 0.1 iV NaOH and 
diluting to 100 ml. 
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solved. Then add a slight excess of standard, approximately 0.2 AT 
solution of silver nitrate, carefully noting the volume. Digest on the 
steam bath for 34 hour, cool to room temperature while protected 
from the light, filter, wash with cold water, and determine the silver 
nitrate in the filtrate by means of a standard solution of potassium 
thiocyanate, using 5 ml of a solution of ferric alum as the indicator.^ 


Determination as Silicon Fluoride 

This method, proposed by Fresenius, depends upon the fact that many fluorides 
are decomposed by the action of concentrated sulfuric acid and silica; the fluorine 
escapes as silicon fluoride, which can be absorbed and weighed. 

Procedure. The same reagents and a very similar apparatus to 
that described on p. 402 are required for this determination, except that 
in place of the P6ligot tul)es (Fig. 07, p. 403) two weighed, glass-stop- 
pered U-tubes are used, of which the first is filled with moistened pieces 
of pumice, and the second has one arm filled with soda-lime and the other 
with calcium chloride. The analysis is carried out in exactly the same 
way as is described for the Penfield method (sec p. 402) but at the end 
of the experiment the two U-tubes are weighed. The increase in weight 
represents the amount of SiF 4 , and from this the amount of fluorine 
present is calculated as follows: Assume that a g of calcium fluoride 
yielded p g of SiF 4 . The treatment with the concentrated sulfuric 
acid caused the following reaction to take place: 

2CaF2 -f 2H2S()4 -f Si02 = 2CaS04 + 2 H 2 O + SiF4 


The SiF 4 is caught in the weighed U-tubes but the H 2 O is retained in the 


concentrated H2SO4; consequently. 


4F • p * 100 
SiF4-a 


rine present. 


73.03p 

= per cent fluo- 

a 


Remark. This method is suitable for the determination of fluorine in all fluorides 
that are decomposed by sulfuric acid. The analysis can be carried out in the presence 
of phosphates, but if carbonates are present they should be decomposed by ignition 
before the treatment with sulfuric acid. According to K. Daniel, exact results 
are obtained only when the decomposition of the fluoride takes place at the tempera- 
ture at which sulfuric acid boils. The method is not suitable for the determination 
of fluorine in topaz and micas. 


1 In routine work the determination of fluorine can be made without removing 
the last traces of silica with ammoniacal zincate solution. To apply the above 
procedure to the analysis of fluorite or other minerals containing little silica, about 
0.6 g of pure silica should be added to 0.25 g of the sample before fusing with sodium 
carbonate at the start of the analysis. 
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Determination of Fluorine as Fluosilicic Acid, according to 
S. L. Penfield. Modified by Treadwell and Koch 

Principle. In this method the fluorine is expelled as silicon fluoride exactly as 
in the above method of Frescnius, but the gas is absorbed in 50 per cent alcoholic 
potassium chloride solution. By contact with water the silicon fluoride is decom- 
posed into fluosilicic and silicic acids. The former unites with the potassium chlo- 
ride, forming potassium fluosilicate, insoluble in 50 per cent alcohol: 

fl8iF4 + 3 H 2 O 2H2SiF6 + HaSiOa H^SiF, -f 2KC1 = KjSiFe -f- 2HC1 

and sets free an equivalent amount of hydrochloric acid which can be titrated with 
0.2 N sodium hydroxide solution, using cochineal as an indicator. From the above 
equations, it is evident that 

1000 ml 0.2 N HCl = 0.3 mole CaF 2 
.M ml 0.2 AT NaOII = 0.0234 g CaFj or 0.0114 g F 

Requirements. 1. Pure Quartz Powder. Place piec^es of pure quartz in a 
platinum (Tuciblc, heat strongly over the blast lamp, and then drop into cold water. 
After this treatment it is very easy to reduce the quartz to a fine powder by grinding 
in an agate mortar. Ignite the powder, and while still warm transfer to a flask 
fitted with ground-glass stopper. Allow the open flask and its contents to cool in 
a desiccator, stopper, and set aside. 

2. Sea Sand. Treat clean sea sand with boiling concentrated sulfuric acid, wash, 
dry, ignite, and cool in a desiccator. 

3. Anhydrous Sulfuric Acid. Heat pure, concentrated sulfuric acid in a porcelain 
crucible until it is reduced one-third in volume and allow to cool in an empty 
desiccator. 

Procedure. Mix 0.1 g of the dry fluoride in an agate mortar, which 
is placed upon black glazed paper, with 2 g of the quartz powder, and 
transfer through the cylindrical arm A of the perfectly dry decompo- 
sition apparatus to the pear-shaped compartment B shown in Fig. 67. 
Then add 1.5-2 g of the sea sand, and mix with the rest of the material 
by shaking the apparatus. Then make connection with the dry U-tube, 
D, containing glass beads. ^ Place 15 ml of alcohol saturated with potas- 
sium chloride in each of the two Pdligot tubes P and Pi. When the 
apparatus is connected as shown in the drawing, allow a dry current 
of air,^ free from carbon dioxide, to enter at and pass through the 
apparatus at the rate of 2 or 3 bubbles per second. Then without stop- 
ping the air current, introduce about 20 ml of anhydrous sulfuric acid 
into the decomposition apparatus through the funnel T. By intro- 
ducing the sulfuric acid in this way while maintaining the air current, 

' This tube serves to keep back any sulfuric acid that is carried over mechanically. 
The apparatus has been simplified by Rosanov, Z. anal. Chem., 103 , 328 (1938). 

2 Wash the air by passing it through caustic potash solution, and dry it by passing 
through granular calcium chloride and concentrated sulfuric acid. 
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the sulfuric acid and the greater part, of the silica and fluoride mixture arc 
made to pass directly into the compartment B. After adding the sul- 
furic acid, place the decomposition ve^ssel in a paraffin bath and heat 
slowly to a temperature of 130° to 140°. The evolution of silicon 
tetrafluoride at once begins, as is evident from the formation of foam. 
Continue passing air and heating the bath for 5 hours; then turn down 
the flame under the bath and pass air through the apparatus for half an 
hour longer at the rate of 3-4 bubbles per second. During the heating 
the apparatus should be frequently shaken in order to bring the sulfuric 



acid into contact with all portions of the solid mixture. It is not nece.s- 
sary, however, with this arrangement of the apparatus, to shake as 
frequently as in the forms of apparatus described by Penfield and by 
Fresenius, because the air in its passage through the narrow connecting 
tube between A and B of the decomposition apparatus serves of itself 
to effect a good mixing. To accomplish this end, however, it is neces- 
sary to construct the apparatus exactly as shown in Fig. 67 ; the con- 
necting tube between A and B must be so narrow that it is completely 
filled with the bubbles of air passing, and furthermore the parts marked 
c eh must form an inclined plane upon which the substance can readily 
pass back and forth. If there is a hollow in the apparatus at c e 6, in 
which some of the substance can collect, the sulfuric acid may not come 
in contact with some of the fluoride so that the decomposition will be 
incomplete. Similarly it is necessary to guard against making the 
connecting tube c e too narrow, as otherwise the air will not pass in a 
uniform stream, but in spurts, so that in spite of the long tube D some 
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of the sulfuric acid fumes are likely to reach the P41igot tubes and thereby 
give rise to high results. 

If not more than 0.1 g of the fluoride is present, the action is over at 
the end of 5 hours, and this is evident, as DanieP was the first to dis- 
cover, from the fact that the foaming in the apparatus ceases; the hydro- 
chloric acid which has been set free in the P41igot tubes can now be 
titrated. To this end add a few drops of fresh cochineaP solution to 
each tube and titrate the contents with 0.2 N potassium hydroxide 
solution with frequent shaking, until the indicator changes from yellow 
to red. This, however, is by no means the correct end point, because, 
as Penfield observed, the gelatinous silicic acid encloses very appre- 
ciable amounts of hydrochloric acid. The silicic acid, therefore, must 
be thoroughly worked over with a stirring rod and the addition of the 
alkali hydroxide continued until the color change is permanent. 

Remark. This method is capable of giving excellent results but it is important 
that the apparatus and all the reagents added to the decomposition vessel should 
be perfectly dry. Phosphates do not interfere, but carbonates must be removed 
by a preliminary ignition. If the mineral contains “ combined water " there is 
danger of losing hydrofluoric acid by this ignition, but such loss can be prevented 
by adding an oxide such as lime or litharge. 

The procedure can be modified to apply to the determination of fluoride in native 
sulfides such as sphalerite.^ In this case mix 1 g of the substance (dried at 110®), 
with 2 g of sand and 2 g of anhydrous copper sulfate, and cover with 10 g of anhydrous 
chromic acid anhydride (CK) 3 ). After introducing sample and the sulfuric acid, 
as described above, gradually raise the temperature to 130-140® during 2 hours 
while passing a current of dry, COj-free air through the apparatus, and then heat 
3 hours at this temperature. 

In early editions of this book, it was proposed to dry the sulfuric acid over phos- 
phorus pentoxide, but such acid evolves a little sulfuric anhydride in the analysis 
and the results are usually about 0.4 per cent too high. 

Determination of Fluorine in Mineral Waters 

Evaporate 1-10 I of the water (according to the amount of salts pres- 
ent) to a small volume, in a large dish, adding enough sodium carbonate 
to keep the solution slightly alkaline. Add an excess of calcium chlo- 
ride, boil, filter off the precipitate and wash it with hot water until free 
from chlorides. Dry the precipitate, transfer it as completely as 
possible to a platinum dish, add the ash of the filter to the main precipi- 
tate, and gently ignite. This residue contains all the fluorine as calcium 


^ Z. anorg. Chem.f 38, 267 (1904). 

* Instead of cochineal, methyl orange may be used, although it is necessary then 
to add an equal volume of alcohol before titrating the hydrochloric acid. 

* L. da Rocha-Schmidt and K. Krtiger, Z. anal. Chem.f 63, 29 (1923). 
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fluoride, besides considerable calcium (possibly strontium) and mag- 
nesium carbonates, iron, aluminum, and manganese oxides, often barium 
sulfate, and almost invariably some calcium phosphate. Moisten it with 
an excess of dilute acetic acid, allow to stand for some time with frequent 
stirring, and then evaporate to dryness on the water bath. Treat this 
residue with water, filter, and wash with hot water. Transfer as much 
of it as possible to a platinum crucible, add the ash of the filter, and 
gently ignite the contents of the crucible. Mix 0.5-1 g of ignited quartz 
powder with the residue in an agate mortar. Transfer the mixture to the 
decomposition vessel A, Fig. 67, and treat with concentrated sulfuric 
acid exactly as described above by the method of Pen field. As only 
very little fluorine is present in this case, two small U-tubes can be used 
instead of the large P^ligot tubes shown in Fig. 67. 

Remark. The formation of a precipitate in the first IT-tube at the place marked 
a a in Fig. 67 indicates the presence of fluorine. It is well to confirm it by the etch- 
ing test. After carrying out the titration of the hydrochloric acid set free, transfer 
the contents of the U-tube to a platinum dish, jwld a few drops of 2 N sodium car- 
bonate, and evaporate the solution to dryness. Add ammoniacal zinc oxide (cf. 
p. 398), and again remove the liquid by evaporation. Take up the residue in water, 
and filter off the zinc oxide and silicate. Treat the filtrate with calcium chloride as 
described on p. 397, and apply the etching test. 


Gas-Volumetric Determination of Fluorine according to 
Hempel and Oettel 

See Part III, Gas Analysis.'' 


Separation of Fluorine 
(a) From the Metals 

For the determination of the metals present, the fluorine usually 
can be removed by heating with concentrated sulfuric acid. However, 
with many silicates containing fluorine, e.g., topaz, lepidolite, and other 
micas, this treatment will not accomplish the desired result. In such 
cases fuse the mineral vnth 4-6 times as much sodium-potassium car- 
bonate, and remove the silica and aluminum as described on p. 398 
by treatment with ammonium carbonate and ammoniacal zinc solution. 
Use the precipitates for the determination of aluminum and silica 
and the filtrate for the determination of the fluorine. The alkalies 
must be determined in a separate portion of the original substance 
(pp. 416, 418). 
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(b) Separation of Fluorine from the Acids 

!• Determination of Hydrochloric and Hydrofluoric Acids in the 
Presence of One Another 

With soluble alkali salts, precipitate the fluorine from the solution by- 
means of a little sodium carbonate and an excess of calcium nitrate 
solution, as described on p. 397. Make the filtrate acid with nitric 
acid and determine the chlorine by precipitation with silver nitrate, 
according to p. 291. 

It is simpler to treat the solution containing hydrochloric and hydro- 
fluoric acids in a platinum evaporating dish with nitric acid and silver 
nitrate. Silver chloride is alone precipitated and can be filtered off, 
using a funnel of hard rubber or a glass one coated over with wax. 
Wash the precipitate and weigh as described on p. 291. When phos- 
phoric acid also is present, precipitate it with the chloride by the addi- 
tion of silver nitrate to the slightly alkaline solution. Filter off the 
precipitate, wash with as little cold water as possible, and treat the 
precipitate with dilute nitric acid. By this means the silver phos- 
phate goes into solution, while the silver chloride is unaffected. To 
determine the amount of phosphoric acid present, remove the silver 
from the solution by the addition of hydrochloric acid, and precipitate 
phosphoric acid in the filtrate by addition of magnesia mixture and 
anunonia (cf. p. 370). 

In the filtrate from the silver phosphate and silver chloride precipi- 
tate, remove the excess of silver nitrate by the addition of sodium chlo- 
ride and determine the fluorine as calcium fluoride. 

In the case of an insoluble compound containing chlorine and fluorine, 
extract the melt obtained after fusing with sodium-potassium car- 
bonate with water, remove the silica with ammonium carbonate and 
ammoniacal zinc solution as described on p. 398, and determine the 
chlorine and fluorine as above. 

Usually it is more convenient to determine the two acids in separate 
portions of the substance. 

2. Determination of Boric and Hydrofluoric Adds 

To the solution containing the alkali salts of these two acids add an 
excess of calcium chloride at the boiling temperature. Filter off and 
wash with hot water. 

Gently ignite the precipitate, consisting of calcium carbonate, cal- 
cium fluoride, and some calcium borate, treat with dilute acetic acid, 
evaporate to dryness, and add more acetic acid and water. By this 
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means the calcium acetate and calcium borate go into solution, while 
the calcium fluoride is left behind and can be determined as described 
on p. 397. For the boric acid determination take a second portion of 
the solution, make barely acid with acetic acid, and treat with a slight 
excess of calcium acetate solution to precipitate the fluorine. Place 
the solution, together with the calcium fluoride precipitate, in the 
Gooch retort and subject to distillation as described on p. 365. 

FLUOSILICIC Acid, HiSiFg. Mol. Wt. 144.08 

Forms: Calcium Fluoride, CaF 2 ; Potassium Fluosilicate; 
or volumetrically 

1. Determinatioii as Calcium Fluoride 

Principle. Alkali fluosilicates are decomposed on heating with sodium carbonate 
solution into fluoride and silicic acid: 

NajSiFe + 2Na2CO, + 11,0 = 6NaF + HjSiO, + 2CO, 

If a solution to be analyzed contains free fluosilicic acid or its sodium salt, add 
sodium carbonate solution until the reaction is alkaline and then considerable ammo- 
nium carbonate. Heat the solution to about 40®, and, after allowing to stand for 12 
hours, filter off the precipitated silicic acid. 

The solution now contains all the fluorine as sodium fluoride, in the presence of 
small amounts of silicic acid, which can be precipitated by the addition of ammo- 
niacal zinc solution (see p. 398). In the filtrate determine the fluorine as calcium 
fluoride, as described on p. 397. 

Fuse an insoluble fluosilicate with 4 times as much sodium-potassium carbonate, 
extract the melt with water, and subject the solution to the above treatment. 

2. Determination as Potassium Fluosilicate 

This analysis is applicable only for the determination of free fluosilicic acid in 
aqueous solution. 

Procedure. Treat the solution with potassium chloride and an equal 
volume of absolute alcohol. Filter off the barely visible potassium 
fluosilicate through a tared filter which has been dried at 100®. After 
washing with 50 per cent alcohol dry the precipitate at 100® and weigh 
as K 2 SiF 6 . 

The volumetric determination of fluosilicic acid will be discussed in 
Chapter XIV. 


Analysis of Salts of Fluosilicic Acid 

For the determination of the metal present, treat the salt with con- 
centrated sulfuric acid in a platinum dish and heat until dense fumes 
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of sulfuric anhydride are given off; silicon fluoride and hydrofluoric 
acid volatilize, while the metals are left behind as sulfates (cf. Vol. I). 

Determination of Water Present in Fluosilicates {Rose-Jannaschy 

The water cannot be determined by ignition, because all fluosilicates, 
even topaz, evolve silicon fluoride when subjected to this treatment 
(cf. Vol. I). If, as proposed by Rose, the substance is fused with 6 to 8 
times as much lead oxide, all the water is evolved, while the fluorine 
remains behind : 

R2SiF6 + 3PbO = 2RF + 2PbF2 + PbSiOa 

The analysis is best performed according to the directions of Jannasch : 
Blow a bulb with a capacity of about 25 ml near one end of a tube of 
difficultly fusible glass which is 26 cm long and 1 cm wide. Near the 
middle of the longer side of the tube, between asbestos plugs, place a 
layer 3-5 cm long of pulverized, anhydrous lead oxide, and connect this 
end of the tube with two weighed calcium chloride tubes. Place the 
substance in the bulb, add 6-8 times as much lead oxide, and mix with 
the substance by carefully revolving the tube. Conduct a dry current 
of air through the apparatus and slowly melt the contents of the bulb. 
All the water and often some of the fluorine is thereby expelled, and the 
fluorine is absorbed by the layer of lead oxide. At the end of the opera- 
tion cautiously heat this layer with a moving flame until no more water 
condenses in the cooler part of the tube. When all the water has been 
driven over into the calcium chloride tubes, weigh them with the custom- 
ary precautions. 

1 Rose-Finkener: Lehrbuch der analyL Chem.^ Vol. II, and Jannasch, Praktischer 
Leitfaden der OewicfUsanalyae. 
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SILICIC ACID (ALSO TANTALIC AND COLUMBIC ACIDS) 

SIUCIC ACID, H 2 Si 03 . Mol. Wt. 78.08 
Form : Silicon Dioxide, Si02 

Two cases must be considered: 

(a) The silicate is decomposed by acids. 

(b) The silicate is not decomposed by acids. 

(a) Silicates Decomposed by Acids 

Weigh out 0.5 g of the powdered silicate into a porcelain dish, add 
25 ml of water, and stir till the silicate is thoroughly wet. Add in 
small portions, while heating the casserole and stirring, 25 ml of 6 A 
hydrochloric acid. Evaporate upon the water bath with frequent stir- 
ring until the residue is obtained in the form of a dry powder. In 
many cases the decomposition is shown to be complete by the fact that 
no gritty particles can be felt with the stirring rod on the bottom of the 
dish. If, however, the substance contained quartz or some silicate that 
is not decomposed by hydrochloric acid, this is not the case and the 
procedure described on p. 411 should be followed. Heat the residue for 
at least an hour in the hot closet at 120-130®, to dehydrate the silica. 

Moisten the dry powder with concentrated hydrochloric acid, and 
allow the covered dish to stand for 10 minutes at the ordinary tempera- 
ture in order that basic salts and oxides formed during the evaporation 
and drying may once more be changed to chlorides. Then warm gently , 
dilute with 100 ml of water, heat to boiling, and, after the silicic acid 
has settled, filter through a well-fitting ashless paper filter. Wash the 
residue three or four times by decantation, with hot 2 N hydrochloric 
acid, then transfer to the filter and wash with hot water until free from 
chloride. Place the precipitate in a platinum crucible and set aside for 
the time being. The separation of the silicic acid is not quite complete j 
as much as 2 mg may remain in the filtrate. To remove this, once 
more evaporate the solution to dryness on the water bath, and again 
heat at 120-130°, for an hour, moisten the residue with 5 ml of con- 
centrated hydrochloric acid, and allow to stand not more than 15 
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minutes.^ Warm, dilute to 100 ml, heat to gentle boiling, and filter 
through a new and correspondingly small, ashless filter, washing with hot 
2 N acid and with water as before. Combine this filtrate with that previ- 
ously obtained and analyze it for Fe203, AI2O3, CaO, and MgO as de- 
scribed on p. 414. Ignite the wet filters containing the silica in a plati- 
num crucible. Keep the temperature low till all the carbon is consumed, 
and do not allow the filter to catch fire. Finally cover the crucible, and 
ignite over the blast lamp or over a M6ker burner. 

Remark. It is not advisable to use suction in filtering silicic acid. If the pre- 
cipitate is allowed to dry before being placed with the filter in the crucible there is 
danger of losing some of the fine powder. The heating at 120° decreases the solubility 
of the silica in acid, but this temperature should not be exceeded. Magnesia at a 
higher temperature recombines with silica, and iron and aluminum oxides are formed 
in a condition hard to dissolve. 

Testing the Purity of the Silica 

The silica thus obtained is never absolutely pure, except in the analy- 
sis of a water-glass. Its purity must always be tested. For this pur- 
pose moisten it with water then add a drop of concentrated sulfuric 
acid and about 5-10 ml of pure hydrofluoric acid. Do not measure the 
acid in a glass graduate ; do not inhale the fumes any more than is neces- 
sary; and if any hydrofluoric acid is spilled on the hands wash them 
immediately under the water tap. Place the crucible in an air bath 
and evaporate under a good hood until no more vapors are expelled. 
Then remove the excess of sulfuric acid by heating over a free flame. 
Raise the temperature gradually, and finally heat the crucible over a 
blast lamp or M4ker burner, and again weigh. Repeat the treatment 
with sulfuric and hydrofluoric acids, without adding any more water, 
until the contents of the crucible (usually AI2O3, Fe203, Ti02, Zr02, 
V2O6, P2OB, etc.) are at a constant weight. Deduct this amount from 
thd weight of impure silica and add it to the precipitate obtained with 
ammonia in the subsequent analysis. The precipitate of Fe203, AI2O3, 
etc., should then be tested for Si02 by fusing the weighed precipitate 
with KHSO4, treating the melt with dilute sulfuric acid, filtering, and 
testing the residue with hydrofluoric acid. 

A great many silicates are incompletely decomposed, if at all, by direct treatment 
with hydrochloric acid in an open vessel. Inasmuch as it is necessary to test the 
purity of the silica by treatment with sulfuric and hydrofluoric acids, it might seem 

1 By being kept in contact with the acid for too long a time some silicic acid will 
go into solution. 

* If the water is not added, the mass will effervesce so strongly that there is danger 
of losing some of the impure silica. 
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unnecessary to try to get a pure silicic acid residue before applying this treatment. 
Undecomposable silicates are likely to (.-ontain some alkjili and alkaline-earth metal 
as well as iron and manganese in combination with silica. When sucli a silicate is 
treated with sulfuric and hydrofluoric acids, the alkali and alkaline oartlis are left 
as sulfates, the iron is left as hciOj, and the manganese as Mn 304 . Moreover, boron 
is volatilized as BFs. Only when the silica is nearly pure and when the impurities 
are left as oxides in the same state of oxidation as at the start, and no other volatile 
constituent is present, does the loss in weight upon treatment with hydrofluoric 
and sulfuric acids represent the silica content. If the silicate is only partly decom- 
posed with acid it should be treated as an insoluble silicate. 

(b) Silicates Not Decomposed by Acids 

Silicates not decompo.sed completely by the action of 6 N hydrochloric acid are 
usually fused with sodium carbonate which converts them partly into sexiium silicate 
and partly into an ortho- or metasilicate which can be decomposed with acid. 


Fusion with Sodium Carbonate 

Fuse 0.5 g of the very finely powdered substance in a platinum cru- 
cible with 3 g of sodium carlionate. The })owdered silicate should be 
intimately mixed with the flux and a little sodium carbonate sprinkled 
on top. Heat the covered cmciblc at first over a small flame to drive 
out any moisture present. Gradually raise the temperature until finally 
the highest heat of a good Tirrill or M^ker burner is obtained. As soon 
as the mass melts quietly and there is no further evolution of carbon 
dioxide, the decomposition is complete. Wind a piece of platinum 
wire into a spiral and insert it into the fused mass. Remove the flame, 
allow the crucible to cool in the air somewhat and then play a stream 
of water upon the outside of the crucible. As soon as the cnicible does 
not hiss when the water strikes it, quickly introduce enough water into 
the crucible to cover the melt. After about a minute carefidly pull on 
the wire; usually the melt can be withdrawn from the crucible. If it 
does not come out easily, it can often be loosened by carefully heating 
the crucible.^ Place the melt in a 300-ml casserole, add 25 ml of water, 
cover the casserole, and carefully add 25 ml of 6 hydrochloric acid. 
A lively evolution of carbon dioxide at once takes place, but as the silicic 
acid separates, the inner part of the cake gradually becomes coated with 
a film of silicic acid which protects it from the further action of the acid. 
Consequently it is necessary to break up the cake from time to time, by 
means of a glass rod, until finally there is no further evolution of a gas 
and no more hard lumps remain. When manganese is present the melt 

1 If the fusion cannot be removed from the crucible, place it, together with its 
cover, in the beaker, and treat with dilute acid as described. 
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is colored green with manganate and the solution may be pink at first 
with permanganate but the permanganate gradually decomposes during 
the subsequent heating. After the evolution of carbon dioxide has 
nearly ceased, wash off the under side of the watch glass, raise it by 
placing a glass triangle under it, and evaporate to dryness. Heat the 
residue for at least an hour in the hot closet at 120-130°, to dehydrate 
the silica. Continue as described on p. 409. 

Effect of Fluoride. Substances containing considerable fluorine can- 
not be treated as above, for silicon fluoride will be lost by volatiliza- 
tion. Therefore it is necessary to use the old method of Berzelius. 
Extract the melt from the sodium carbonate fusion with water, as in the 
determination of fluorine (p. 398), and remove the greater part of the 
silica by means of ammonium carbonate. Filter off the precipitate, 
ignite, and weigh. 

Precipitate the silicic acid remaining in the filtrate by means of 
ammoniacal zinc solution (p. 398). Dissolve this precipitate of zinc 
oxide and zinc silicate in hydrochloric acid and obtain the silica by evapo- 
ration on the water bath as usual. As a rule, the insoluble part of the 
melt contains silicic acid, and this must also be removed by evaporation 
with hydrochloric acid. Ignite all three silica precipitates together and 
test the purity of the silica. 

Analysis of Silicates 
Orthoclase, KAlSisOs 

Constituents: silicic acid (63-70 per cent); aluminum oxide (16-20 
per cent); ferric oxide (0,3 per cent); potassium oxide (8-16 per cent); 
sodium oxide (1-0 per cent); and often small amounts of calcium oxide, 
magnesium oxide, and in rare cases barium and 
ferrous oxides. 

Preparation of the Substance for Analysis 

Break up large pieces of rock on a thick steel 
plate with a specially hardened surface and a simi- 
larly hardened pounder, such as street pavers use. 
Place the small fragments in a “ diamond mortar 
or in one like that shown in Fig. 68. It is made of 
chilled and case-hardened tool steel. The dimen- 
sions of the block A are 12.5 by 12.5 by 6 cm, and 
there is a depression in the center 0.6 cm deep. The pestle B is 20 
cm high, and the diameter at the base is 3.5 cm. The cylinder C is 
12.5 cm tall and of 5-cm outside diameter accurately fitting the de- 
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pression in the block. Unlike the ordinary “ diamond ” mortar, the 
pestle has a smaller diameter than the inside diameter of the cylinder, 
which is 4.4 cm. The crushing is done with the pestle, without the 
aid of a hammer. With this mortar most of the sample can be 
reduced fine enough to pass through silk 
bolting cloth. 

A finer powder can be obtained by hand 
grinding in an agate mortar, but the 
McKenna ore grinder shown in Fig. 69 is 
more economical in the long run. A is a 
copper cup soldered to the head of the 
pestle holder and assumes, without friction, 
the motion of the latter. H is a tin plate 
with deep sinus and is covered by the 
rubber cloth C which fits closely about the 
metal shaft. These attachments A , H, and 
C prevent oil and dust from the belts and 
bearings from entering the mortar. The 
spring at the top of the sliding rod, to 
which the agate mortar is attached at 
the bottom, can be adjusted to give any desired pressure or can be 
thrown back to allow the pestle to be raised in removing the agate mor- 
tar. The pestle makes about 200 revolutions per minute, and the 
mortar moves slowly in the same direction. The scraper keeps the 
material in the center, and the combined rolling and sliding motion 
reduces the hardest ore very quickly. 

Do not attempt to grind too much at one time, and frequently sift 
through silk bolting cloth to prevent as much as possible contaminating 
the sample by abravsion and loss of moisture by the heat of grinding. 
Prepare at least 5 times as much sample as is needed, and make sure 
that all the powder is included; it is never admissible to lake only the 
powder that passes through the sieve the first time. Mix well by 
rolling on a sheet of glazed paper, rubber, or oilcloth. A corner of the 
sheet is lifted and drawn across, low down, in such a way that the ma- 
terial is made to roll over and over and does not merely slide along. The 
sample should be rolled back and forth along each diagonal for 100 times ^ 
or more. Then the sample may be spread out into vsquares and a little 
taken from each square. Finally mix the sample chosen. 

Weighing the Substance. It was formerly the practice to dry the 
powder before weighing at 100-110® until a constant weight was 
obtained. If there is danger of losing combined water by this procedure, 
it has been recommended that the powder be dried in a vacuum over con- 
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centrated sulfuric acid. The practice of drying the substance in either of 
the above ways, however, is to be discountenanced. It is far better to use 
the air-dried substance for the analysis, and to determine the moisture in a 
separate sample. This is more accurate, because the dry silicate powder 
is hygroscopic, so that a portion weighed out today is likely to contain a 
different amount of moisture from one taken tomorrow, and this dis- 
crepancy is avoided when the air-dried powder is talcen for the analysis. 
Further, as Hillebrand has conclusively shown, chemically combined 
water is likely to be expelled not only by heating at 100° but also by 
drying in a vacuum over sulfuric acid. This is particularly true of the 
zeolites. In orthoclase, however, only about 0.1 per cent of moisture 
is present, so that with this particular substance accurate results will be 
obtained by either method. 

For the analysis weigh out to the nearest 0.1 mg four portions of about 
0.5 g each. The first two serve for the determination of Si02, AI2O3 -h 
Fe 203 , CaO, and MgO; the other two, for that of the alkalies. 

Determination of Silica, Aluminum, etc. 

Weigh out 0.5 g of the air-dried substance in a spacious platinum 
crucible, dry for 1 hour at 105-107°, cool in a desiccator, and weigh. 
The difference in weight represents the amount of hygroscopic moisture. 

Mix the dry substance with 3 g of calcined sodium carbonate by 
means of a platinum spatula, and determine silica as described on 
p. 411. Treat the silica with sulfuric and hydrofluoric acids, as de- 
scribed on p. 410, and set the crucible with the residue of AI 2 O 8 , etc., 
aside for the present. 

Determination of Aluminum and Ferric Oxides 

The filtrate from the silicic acid contains, besides the chlorides of 
aluminum, iron, calcium, and magnesium, a little platinum, from the 
crucible in which the fusion was made. 

To remove the platinum, heat the solution to boiling and introduce 
hydrogen STilfide. Filter off the mixture of platinum sulfide and sulfur, 
and boil the solution to expel the excess of hydrogen sulfide. Oxidize 
the iron back to the ferric state by adding bromine water and boiling 
until the excess of the latter is expelled. After this add 10 ml of 2 iV 
ammonium chloride solution and precipitate the aluminum, iron, etc., 
from the boiling-hot solution, by the addition of a slight excess of ammo- 
nia, free from carbonate (cf. p. 206). Allow the precipitate to settle, 
filter, and wash twice by decantation with hot water. Redissolve by 
running hot 2 N hydrochloric acid through the filter into the beaker 
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containing the greater part of the precipitate. Repeat the precipitation 
with ammonia as before, and aft^r filtering and washing by decantation, 
transfer the precipitate to the filter and wash until free from chloride 
with water containing 2 per cent of ammonium nitrate. Allow the 
precipitate to drain as completely as possible, and ignite wet in the 
crucible containing the residue obtained from the treatment of the 
impure silica with sulfuric and hydrofluoric acids. After igniting 
strongly over a good Teclu or M6ker burner weigh the crucible; its 
contents represent the sum of the aluminum and ferric oxides (also 
Ti02, Zr02, P2O6, and V2O6, if present). 

For the determination of the ferric oxide, fuse the mixed oxides 
with potassium pyrosulfate as described on p. 174. The decomposition 
is complete after 2-4 hours. Dissolve the melt in water containing a 
little sulfuric acid and determine the iron, after previous reduction 
with hydrogen sulfide (cf. p. 172), by titration with potassium perman- 
ganate (cf. Chapter XV). If the weight of the F('.20.i is deducted from 
the weight of Fe203 + AI2O3, the weight of AI2O3 is obtained.^ Deter- 
mine the calcium and magnesium as dc'seribed on pp. 203, 260. 

Testing the Calcium Oxalate Precipitate for Barium 

Although it is usually unnecessary to make either a qualitative or 
quantitative test for barium in a sample of orthoclasc, yet it is likely 
to be present in traces so that it may be well to show how this can be 
done. Strontium is not likely to be found in orthoclase. On account 
of the solubility of barium oxalate in a solution of ammonium oxalate, 
the barium will rarely be found in the calcium precipitate when a double 
precipitation is made, except when it is present to an (*xtent of more than 
3 or 4 mg.^ 

To test a calcium precipitate for barium, dissolve it in nitric acid, 
evaporate to dryness, and heat for some time at 140°. Dissolve the 
calcium nitrate in ether-alcohol (p. 251, a), and examine any residue 
remaining behind in the spectroscope for barium. If barium is found, 
dissolve in dilute acid and repeat the precipitation with ammonia and 
ammonium oxalate. If no barium is found with the lime, it is by no 

1 The amount of iron and aluminum can be determined more quickly, though 
less accurately, as follows: Dissolve the moist ammonia precipitate in hot, dilute 
sulfuric acid akd dilute to a volume of exactly 250 ml. After thoroughly mixing, 
remove 100 ml by means of a pipet into a beaker and place a second portion of 
the same volume in a 200-ml flask. In the first portion determine the sum of FeaO, 4- 
AI 4 O, by precipitating with ammonia, filtering, igniting, and weighing; in thebther 
portion reduce the iron by hydrogen sulfide and titrate with permanganate. 

2 W. F. Hillebrand, J. Am. Chem. 80 c., 16, 83 (1894). 
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means safe to conclude that barium is absent; it can very well have 
gone into the filtrate from the double, precipitation of calcium. This 
amount will be precipitated with the magnesium as barium phosphate 
unless it is removed as indicated below. 

For the quantitative determination of barium a separate portion of 
the substance should be taken (see below). 

Determination of Barium 

If the qualitative tests have shown the presence of barium, weigh 
out 2 g of the substance into a platinum dish; moisten with 10 ml of 
7 N sulfuric acid and 5 ml of hydrofluoric acid. Evaporate the liquid 
on the water bath, with frequent stirring, until the mineral is completely 
decomposed, when sandy particles will no longer be perceptible on stir- 
ring with a platinum spatula. Frequently a further addition of hydro- 
fluoric acid is necessary. When the decomposition is complete, remove 
the greater part of the sulfuric acid by heating the contents of the dish 
in an air bath. After cooling, take up the residue in water, filter off 
the barium sulfate, and ignite wet in a platinum crucible. The pre- 
cipitate thus obtained always contains small amounts of calcium sulfate 
which must be eliminated. To accomplish this, dissolve the residue 
in the cmcible in a little hot concentrated sulfuric acid, and after cooling, 
dilute the solution with cold water. The barium sulfate is now com- 
pletely free from calcium; filter, ignite again, and weigh. 

Determination of the Alkalies 

(a) Method of J, Lawrence Smith^ 

Principle. The substance is heated with a mixture of 1 part ammonium chloride 
and 8 parts calckim carbonate. By this means the alkalies are obtained in the form 
of chlorides, while the remaining metals are for the most part left behind as oxides 
(silicates and aluminates), and the silica is changed to calcium silicate, as represented 
by the following equations: 

CaCOs + 2NH4CI CaCh + 2NH» + HjO + CO* 

2KAlSi808 + CaCla + 6CaCO, -► eCaSiOs + CaCAlOj)* + 2KC1 + 6COa 

The alkali chlorides together with the excess calcium chloride can be removed 
from the sintered mass by leaching with water, while the other constituents remain 
undissolved. 

Preparation. The ammonium chloride necessary for the determination is pre- 
pared by subliming the commercial salt; the calcium carbonate by dissolving the 
purest calcite obtainable in hydrochloric acid and precipitating with ammonia and 
ammonium carbonate. Carry out this last operation in a large porcelain dish. 


1 Am. J. Sci., [2] 60, 269, and Ann. Chem. Pharm., 169, 82 (1871). 
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After the precipitate has settled, pour off the clear solution and wash the precipitate 
by decantation until free from chlorides. The product thus obtained contains 
traces of alkalies, but the amount present can be determined once for all by a blank 
test and a corresponding deduction made from the results of the analysis; it is usu- 
ally sodium chloride and amounts to 0.0012-0.0016 g for 8 g calcium carbonate. 
The decomposition was performed by Smith in a finger-shaped crucible about 8 
cm long and with a diameter of about 2 cm at the top and cm at the bottom. 
Such a crucible is suitable for the decomposition of about 0.5 g of the mineral. A 
larger quantity can be analyzed in a somewhat wider crucible. 

Filling the Crucible. Mix 0.5 g of the mineral (accurately weighed) 
with an equal quantity of sublimed ammonium chloride by trituration 
in an agate mortar, add 3 g of calcium carbonate, and intimately mix 
again. Transfer the mixture to a platinum crucible with the help of a 
piece of glazed paper, rinse the mortar with 1 g of calcium carbonate, 
and add this to the contents of the crucible. 

The Ignition. Place the covered crucible in a slightly inclined posi- 
tion and heat gradually over a small flame until no more ammonia is 
evolved (this should take about 15 minutes). During this part of the 
operation the heat should be kept so low that ammonium chloride does 
not escape. The latter is dissociated into ammonia and hydrochloric 
acid by the heat, and the acid unites with the calcium carbonate to 
form calcium chloride. It is possible to decompose the silicate by 
using calcium chloride alone. Gradually raise the temperature until 
finally the lower three-fourths (and no more) of the crucible is brought 
to a dull red heat, and maintain this temperature for 50-60 minutes. 
Then allow the crucible to cool; the sintered cake usually can be re- 
moved by gently tapping the inverteil crucible. If it cannot, digest a 
few minutes with water, which serves to soften the cake so that it can 
be readily washed into a large porcelain, or, better, platinum dish. Heat 
the covered dish with 50-75 ml of water for half an hour, replacing the 
water lost by evaporation and reducing the larger particles to a fine 
powder by rubbing with a pestle in the dish. Decant the clear solution 
through a filter and wash the residue 4 times by decantation, then 
transfer to the filter and wash with hot water until a few milliliters of 
the washings give only a slight turbidity with silver nitrate. T .0 make 
sure that the decomposition of the mineral has been complete, treat the 
residue with hydrochloric acid; it should decompose completely, leaving 
no trace of undecomposed mineral. The acid usually gelatinizes silica; 
the formation of a gelatinous precipitate does not indicate incomplete 
decomposition. 

Precipitation of the Calcium. To the aqueous solution add 50 ml of 
ammonium carbonate reagent, heat nearly to boiling, and filter. Evapo- 
rate the filtrate to dryness in a porcelain or platinum dish, heat the 
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contents of the dish for an hour in a drying oven at 110°, and remove 
ammonium salts by careful ignition over a moving flame. After cooling, 
dissolve the residue in a little water and remove the last traces of cal- 
cium by the addition of ammonia and ammonium oxalate to the hot 
solution. After standing 12 hours, filter off the calcium oxalate and 
receive the filtrate in a weighed platinum dish, evaporate to dryness, 
and gently ignite. After cooling, moisten the mass with hydrochloric 
acid to transform any carbonate into chloride, repeat the evaporation 
and ignition, and determine the weight of the dish and its contents; 
this shows the amount of alkali chloride present. 

Continue as indicated on p. 281. 

(b) The Hydrofluoric Add Method of Berzelius 

Weigh 0.5 g of the powdered mineral into a platinum dish, moisten 
with 2 ml of water and 0.5 ml of concentrated sulfuric acid, mix with 
the substance by means of a platinum spatula, and after cooling add 
about 5 ml of pure, concentrated hydrofluoric acid. Evaporate the 
liquid on the water bath, frequently stirring with the platinum spatula, 
until no more hydrofluoric acid is expelled and no more hard particles 
can be felt at the bottom of the dish. 

Heat the dish in an air bath until the greater part of the sulfuric 
acid is removed; this is necessary to make sure that the hydrofluoric 
acid is completely expelled. It is not advisable, however, to remove 
all the sulfuric acid, on account of the danger of forming insoluble 
basic salts. Allow the mass to cool, cover with 200 ml of water, and 
digest until all the residue has gone into solution.^ Transform the 
sulfates to chlorides by precipitation with as slight an excess of barium 
chloride as possible; and then, without stopping to filter off the barium 
sulfate, precipitate the aluminum, calcium, and excess of barium by 
the addition of ammonia and ammonium carbonate. Allow the pre- 
cipitate to settle, wash 4 times by decantation, then transfer to the 
filter and wash free from chloride. Evaporate the filtrate to dryness, 
heat for an hour at 120°, and remove the ammonium salts by gentle 
ignition. Add a few drops of 6 A hydrochloric acid, and remove the 
magnesium by the Schaffgottsche method described on p. 289. In the 
filtrate determine sodium and potassium as described on p. 281. 

Remark. This method is in very general use, and the results obtained agree 
closely with those by the J. Lawrence Smith method. Many silicates, such as the 
feldspars, are readily decomposed by the action of sulfuric and hydrofluoric acids;* 

1 If barium was present, it is left behind as the sulfate. 

* Many silicates can be decomposed by evaporation with hydrofluoric and hydro- 
chloric acids. F. Hinden, Z. anali Chem.f 1906, 332j 



DETERMINATION OF SILICON IN IRON AND STEEL 419 


others, such as certain specimens of tourmaline, only with difficulty. According to 
Jannasch the members of the andalusite group are not completely de^'oinposed 
by hyrofluoric acid, but complete decomposition can be effected by strongly igniting 
with ammonium fluoride. For this purpose place the ignited mineral in a platinum 
dish, cover with 10 ml of ammonia, evaporate to dryness, dilute with water, strongly 
acidify with concentrated hydrofluoric acid, and again evaporate to dryness. Place 
the dish in a nickel beaker and ignite quite strongly, until finally the excess of ammo- 
nium fluoride is driven off. Now treat the residue with 12 A sulfuric acid to decom- 
pose salts of fluosilicic acid, evaporate on the water bath as far as possible, and remove 
then the greater part of the sulfuric acid by stronger ignition. From this point the 
procedure is the same as in the regular Berzelius method. 

The Smith method is always applicable and luus the advantage that the magnesium 
is practically completely removed at the start. 

Determination of Silicon in Iron and Steel 

Silicon exists in cast irons and steels chiefly as a solid solution of 
Fe2Si in iron. In wrought iron and in some steels, a little silicate of 
Fe or Mn may be present, such as Mn2Si308; this really represents 
enclosed slag. The compound FeSi has also been identified in Fe-Si 
alloys. In cast irons, the silicon has a marked effect in causing the 
breaking down of cementite, FcsC, into Fe and graphite. With increasing 
Si content, the graphite increases, but this effect is counterbalanced by 
the effect of S so that, roughly speaking, a given percentage of S neu- 
tralizes a definite percentage of Si. 

Although Si enters into salts as silicate ion and not as Si++++ ions, 
the free element and its compounds with iron arc oxidized very easily 
so that decomposition with any acid will cause oxidation of the Si to 
the quadrivalent state with evolution of hydrogen gas. There is, there- 
fore, no loss of volatile silicon hydride when a sample of steel is dissolved 
in hydrochloric or sulfuric acid. If, however, nitric acid or other oxidant 
is used, the more powerful oxidizing agent is reduced without any evolu- 
tion of hydrogen. 

FeSi + 2H'*" + 3H2O Fe'*"*’ + H2Si03 3H2 T 
Fe2Si -f 4H'*' + 3H2O — > 2Fe'*"*' + H2Si03 + 4H2 T 
3Fe2Si + 28H^' -f lONOs” — > 6Fe’*"^+ + lONO T + 3H2Si03 -f IIH 2 O 

In these reactions the product is really Si02'xH20 rather than exactly 

HiSiOa. 

The following method^ is excellent for the determination of silicon. 
Perchloric acid is used instead of sulfuric acid^ because anhydrous per- 
chlorates are easily soluble and there is no difficulty in dissolving the 

* Willard and Cake, J, Am. Chem. Soc.^ 42, 2208 (1920). 

•T. M. Drown, Trans. Am. Inst. Mining Eng.^ 7, 346 (1878-79). 
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salts after the silica has been dehydrated. Chromium is oxidized to 
chromic acid and remains in solution. The chief precautions are to add 
sufficient perchloric acid to keep the mixture liquid after the nitric acid 
has been expelled and to boil at least 15 minutes at this stage in the 
analysis. 

Procedure. Treat 2.336 g of sample (5 times the factor weight) with 
40 ml of 6 AT HNO 3 in a 400-ml covered beaker. When the sample is 
entirely decomposed, rinse and remove the watch-glass cover and add 
40 ml of 60-70 per cent HCIO 4 . Evaporate to fumes of HCIO 4 . Replace 
the watch glass on the beaker, and heat so that the HCIO 4 condenses 
and runs down the sides of the beaker for 15 minutes, but do not allow 
the contents of the vessel to become pasty or solid. Cool somewhat, 
and dilute with 125 ml of hot water. Stir until the salts have dissolved, 
and crush any lumps with a glass stirring rod. Filter and transfer all 
the residue to an ashless filter paper with the aid of 0.6 iV HCl, scrubbing 
the beaker with a rubber policeman. Wash alternately with 5-ml por- 
tions of hot 0.6 AT HCl and of hot water until all the iron salts have been 
removed. The washing must be done carefully as residual HCIO 4 may 
cause loss of material in the subsequent ignition of the precipitate. 
Transfer the paper and residue to a weighed platinum crucible, and ignite 
slowly and carefully until all the carbon is gone. Cool in a desiccator, 
and weigh the impure Si02. Moisten the residue with 18 N H 2 SO 4 and 
add (without measuring) about 5 ml of HF. Heat inside an air bath 
until all H 2 SO 4 is expelled, and then heat the crucible strongly over a 
free flame. Cool in a desiccator and weigh. The loss in weight repre- 
sents the Si 02 , and, when the above weight of sample is taken, this loss 
multiplied by 20 gives the percentage of Si present. 

Determination of Ferrous Iron in Silicates and Rocks 

Place 0.5-1. 0 g of the fine powder in an 80-100 ml platinum crucible, 
cover with water, and add 10 ml of 9 AT sulfuric acid, cautiously if any 
carbonate is present. Add air-free hot water till the crucible is nearly 
half full. Place the crucible, with its cover on, on a triangle near a 
very low flame protected from drafts. Displace the air in the crucible by 
introducing a stream of carbon dioxide through a small tube placed under 
the cover of the crucible. In a short time the liquid in the crucible 
boils, but before this happens stop the current of gas and drop the 
crucible cover in place. From a small platinum crucible held in one 
hand, while the other draws the crucible cover to one side, add 5-7 ml 
of hydrofluoric acid. Quickly replace the lid and increase the heat but 
take care not to let the liquid boil over. As soon as steam issues, 
lower the flame and keep so that there is steady boiling without danger 
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of loss for about 10 minutes. Then transfer the crucible, without 
removing the cover, to 200 ml of cold, saturated boric acid solution. 

Remove the crucible with a stirring rod, rinse it out and titrate at once 
with permanganate, added rapidly until the first pink blush appears 
throughout the whole liquid. 

If an unattacked residue remains in the beaker, filter it off and repeat 
the above treatment. 

Another method for the determination of the amount of ferrous iron 
present in insoluble silicates is that of Mitscherlich. The silicate 
is decomposed in a closed tul)e with sulfuric acid (8H2S04*1H20) 
under pressure, and the resulting solution titrated with potassium 
permanganate. This method usually gives good results in a silicate 
analysis, but it is worthless for the analysis of rocks containing pyrite 
or other sulfides, which on treatment with sulfuric acid are decom- 
posed.i sulfur serves to reduce iron that was originally present 

in the ferric form, so that a high result is obtained. 


Separation of Soluble from Insoluble Silicic Acid: Lunge and Millberg* 

Frequently a mixture of silicates is to be analyzed which is partly 
decomposed on treatment with acids, with the separation of gelatinous 
silicic acid, and partly unaffected. The silicic acid deposited from 
solution by the addition of acids is soluble in 5 per cent sodium car- 
bonate solution, while quartz and feldspar are not appreciably attacked 
by the latter (cf. Vol. I). 

If it is desired to separate the deposited silicic acid from the unat- 
tached silicate (usually feldspar and quartz), treat the substance with 
acid (hydrochloric or nitric) and evaporate on the water bath until a 
dry powder is obtained. Moisten this with acid, dilute, boil, and filter. 
After washing, digest the residue with 5 per cent sodium carbonate 
solution on the water bath, in a porcelain dish for 15 minutes. Filter, 
wash the residue first with soda solution and finally with water. 

The alkaline filtrate contains the soluble silicic acid; this can be 
determined by acidifying and evaporating to dryness. The residue 
from the sodium carbonate treatment, consisting of quartz and feldspar, 
is weighed. To determine the quartz, treat with sulfuric and hydro- 
fluoric acids, remove the excess of the HF by heating to fumes of sulfuric 
acid, and dissolve the cold residue in water. In this solution precipitate 
the alumina, as described on p. 148, and weigh the AI2O3. If this weight 

»L. L. de Koninck, Z. anorg. Chem., 26 , 125 (1901); Hillebrand and Stokes, J. 
Am. Chem. Soc., 22 , 625 (1900); Stokes, Am. J. Sd., Dec., 1901. 

* Z. angew. Chem.j 1897 , 393, 425. 
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is multiplied by 5.46, the corresponding amount of feldspar is obtained; 
and if this is deducted from the weight of the quartz + feldspar, the 
weight of the quartz will be found. 

Determination of Soluble Silicic Acid in Clay 

Clay contains, besides alumina, sand (quartz + breccia), and small 
amounts of calcium and magnesium carbonates. 

Moisten 2 g of the coarsely powdered substance, which has been 
dried at 120°, with water, and add 150 ml of 12 iV sulfuric acid.^ Cover 
the porcelain dish with a watch glass and heat over a free flame until 
dense fumes of sulfuric acid vapors are evolved. Allow the contents 
of the dish to cool, add 150 ml of water and 3 ml of concentrated hydro- 
chloric acid, boil for 15 minutes, filter, wash completely, and treat 
the mixture of soluble silicic acid, quartz, and insoluble silicate as 
on p. 421. 

Remark. It was formerly the custom to separate the soluble silica from the 
insoluble silica by boiling with potassium hydroxide solution. According to the 
experiments of Lunge and Millberg, however, this is not permissible because quartz 
is appreciably soluble in caustic potash solution. If, on the other hand, the sub- 
stance is obtained in a very finely divided condition, even sodium carbonate solution 
cannot be used, for the same reason. 


Analysis of Zircon^ 

Zirconium occurs widely disseminated in small quantities as the refractory silicate 
zircon, ZrSi 04 . In the simple procedure given below, the mineral is decomposed by 
two successive fusions and the zirconia is precipitated by hydrolysis with thiosulfate. 

Lundell and Knowles* have described a more elaborate process, involving cup- 
ferron precipitation, and applicable to more complex mineral mixtures. 

Procedure. Reduce the mineral to an impalpable powder, weigh 
out about 0.5 g in a tared platinum crucible, and heat strongly to deter- 
mine loss on ignition. 

Fuse the calcined mass with about 5 g of sodium carbonate in the 
covered platinum crucible over the full flame of a Teclu burner for an 
hour. Digest the cooled melt with hot water, filter into a porcelain 
casserole, and wash the residue well with hot water. Call this residue A. 

To the aqueous extract from the sodium carbonate fusion, add an 
excess of HCl, evaporate, and dehydrate the silica as described on p. 409. 
Filter off the silicious residue, and call this B and the filtrate C. 

‘ Alexander Subech, Chem. Ind.^ 1902, 17. 

* Powell and Schoeller, Analyst. ^ 44, 397 (1919), 

» J. Am. Chem. Soc., 42, 1439 (1920). 
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Fuse A with KHSO 4 (p. 174), and digest the melt with 100 ml of hot 
N H 2 SO 4 . Filter off any undissolved residue, and combine the filtrate 
with C. 

Ignite this last residue together with B in a tared platinum crucible ; 
determine its weight. Treat with H2SO4 and HF to determine the 
Si 02 present (p. 410). Fuse the residue from this treatment with 
KHSO4, leach with 1 per cent II2SO4, and add the solution to C. After 
this last fusion, everything except Si 02 should have been dissolved and 
be present in C. 

Neutralize the acid with NalK'Oa until a slight permanent precipi- 
tate is formed. Dissolve this by adding a few drops of dilute H2SO4. 
Add a little ashless filter p\dp (p. 151), and saturate the solution with 
H 2 S at 50®. Filter, and wash the precipitate with hot water containing 
a little NaCl, Discard this precipitate of Pt 82 and S; the purpose of 
the H 2 S treatment was to remove platinum that was introduced into the 
solution from the crucibles used in the fusions and to reduce the ferric 
iron to the ferrous condition. Nearly maitralizi' lh(‘ filtrate with fresh 
Na 2 C 03 solution, but stop before there is any permanent darkening due 
to FeS. Boil in a current of CO 2 to ex[)el H 2 S. 

To the hot solution add 10 g of Na 2 S 203 - 5 Il 20 dissolved in 20 ml of 
water and continue boiling for an hour, replacing water lost by evapo- 
ration. Add filter-paper pulp (}). 151), filter, and wash the precipitate 
on a paper filter 15 times with hot wat(u\ Call the filtrate D. 

The precipitate contains Zr 02 (Hf 02 ) and possibly some AI2O3 and 
Ti 02 . Ignite it in a tared platinum crucible, and digest the oxides with 
hot A^HCl; make ammoniacal and again filter, but wash the residue 
this time with dilute ammonium nitrate solution (p. 148). Add the 
filtrate to D, Ignite the residue to constant weight and weigh as 
Zr 02 (+ Hf 02 and possibly a little AI2O3 and Ti 02 ). To determine the 
A1 and Ti in this precipitate, fuse it with 5 to 10 g of Na 2 CX )3 for 2 hours 
in a platinum crucible over a Tcclu burner. Leach the melt with hot 
water, and determine the A1 in the filtrate (which contains sodium 
aluminate) by making acid and proceeding as described on p. 148. Fuse 
the ignited residue from this last Na 2 C 03 fusion with KriS 04 and 
determine the Ti colorimetrically (p. 159). 

Any iron present in the mineral is contained in the filtrate D. Boil 
with a little Na 2 C 03 and Brz, and filter off the precipitate. Dissolve it 
in dilute HCl, reprecipitate with NH4OH, ignite, and weigh as Fe 208 . 

Analysis of Chromite 

Although chromite (chrome iron ore) is not a silicate, it is insoluble in all acids, 
and can be brought into solution by fusion with alkali carbonates, or borates, so that 
its analysis will be discussed at this place. 
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Chromite contains 18-39 per cent FeO, 0-18 per cent MgO, 42-64 per cent CrjOs, 
0-13 per cent AI2O3, and 0-11 per cent Si02. Occasionally calcium, manganese, and 
nickel are present also. 

Of the finely powdered and bolted mineral, fuse 0.5 g in an inclined, 
open platinum crucible with 4 g of pure sodium carbonate^ for 2 hours 
over a good Teclu or M^ker burner. After cooling, leach the melt 
with water, acidify with hydrochloric acid,^ evaporate in a porcelain 
dish until a dry powder is obtained, moisten with hydrochloric acid, 
take up in water, and filter off the silica. Ignite, weigh, and test the 
purity with hydrofluoric acid (p. 410). Introduce hydrogen sulfide 
into the hot filtrate from the silicic acid and filter off the precipitate 
of platinum sulfide and sulfur. Catch the filtrate in an Erlenmeyer 
flask, add 10 ml of ammonium chloride, enough ammonia (free from 
carbonate) to make the solution alkaline, and a little freshly pre- 
pared ammonium sulfide. Stopper the flask and allow the contents 
to stand over night. In the morning filter off the precipitate, wash 
twice with water containing a little ammonium sulfide, dissolve it 
in hydrochloric acid, and repeat the precipitation with ammonium 
sulfide. Determine calcium and magnesium in the filtrate as described 
on p. 249. 

Dissolve the ammonium sulfide precipitate in cold 2 N hydrochloric 
acid, filter off any residue of nickel or cobalt sulfide, and dry. Ignite 
this residue first in air, then in a current of hydrogen, and finally weigh 
as metal. It is not worth while to attempt the separation of the nickel 
from the cobalt on account of the small amount present. Expel hydro- 
gen sulfide from the filtrate from the sulfides of nickel and cobalt by 
boiling, oxidize the iron present by adding bromine, and separate the 
iron, chromium, and aluminum from the manganese by means of the 
barium carbonate method (p. 207) and from one another as described 
on pp. 167 et seq. In the filtrate from the barium carbonate precipitate, 
separate the manganese from the barium as described on p. 189, 5, and 
determine as sulfide or as sulfate. 

Remark. The determination of the chromium alone is best accomplished by means 
of a volumetric process (see Chapter XV). 


^ Bunsen fused the chromite with one-third as much Si02 and 6-8 parts 
NaaCOs and then subtracted the amount of silica added from the total amount 
found. This makes the decomposition take place more readily, but the author 
prefers not to add the silica on account of the possibility of thereby introducing an 
error. 

* If a dark residue of undecomposed mineral should remain, filter it off and again 
fuse with sodium carbonate. 
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Determination of Thoriimi in Monazite Sand‘ 

(a) Separation of Thorium and Cerium by Sodium Thiosulfate 

Monazite is essentially CeP 04 with some lanthanum and didymium 
phosphates usually present. It occurs in so-called “ monazite sand ” 
mixed with thoria, quartz, rutile, zirconia, tantalates, etc., and has been 
used as raw material for the preparation of thoria (used in the Welsbach 
mantle). The value of a sample of monazite sand depends upon the 
amount of thorium present, and its determination is best accomplished 
as follows: 

Digest 50 g of monazite sand in a porcelain dish with 100 ml of concentrated 
sulfuric acid for about 5 hours, or until no yellow, undecornposed grains remain. 
This treatment easily dissolves all the thoria, which determines the value of the 
sand but does not dissolve much ilmenite. It is advantageous not to get all the 
TiOa into solution as this will interfere with subsequent work. Cool, and mix slowly 
with 500 ml of ice-cold water contained in a liter measuring flask. Allow to stand 
over night. 

In the morning, make up to the mark, mix, and filter. Use 100 ml of the filtrate 
for the subsequent analysis. If metals of the copper-tin group are present, saturate 
the solution with hydrogen sulfide, filter, wash, and heat the filtrate to expel the 
excess hydrogen sulfide. Add NIUOH and NIUCl to precipitate the rare earths 
with the iron-aluminum group. Filter and wash the precipitate. 

Dissolve the precipitate in dilute hydrochloric acid,* adjusting the acidity so that 
approximately 0.1 g of rare-earth oxide is present in 60 ml of solution which is not 
over 0.5 N in hydrochloric acid. Heat the solution to 60°, and precipitate the rare- 
earth oxalates by the addition of sufficient oxalic acid to leave about 3 g of the crystals 
in 100 cc of the final solution. Allow the solution to stand at 60° for some time, 
preferably over night. (If considerable titanium or zirconium is present, it is best 
to ignite the precipitated oxalates, dissolve in hydrochloric acid, and repeat the pre- 
cipitation with oxalic acid.) Filter off the oxalate precipitate; wash thoroughly 
with hot water containing a little hydrochloric and oxalic acids. 

Ignite the rare-earth oxalates to form the oxides. Dissolve the oxides in hot hydro- 
chloric acid, and evaporate the solution to drynes.s on the water bath. Moisten the 
residue with 5 ml of water and again dry. Then add 200 ml of water and 9 g of 
sodium thiosulfate crystals dissolved in :30 ml of water. Allow to stand over night. 
In the morning, boil the solution for 10 minutes and filter off the precipitate of 
Th(OH )4 and sulfur. Wash with hot water and boil the filtrate vigorously for an 
hour to see if there is any further precipitation. If so, filter through a fresh filter, 
wash thoroughly, and set this precipitate aside. 

Wash the main precipitate back into the original beaker with as little water as 
possible, boil with 10 ml of concentrated hydrochloric acid, and filter into a small 
evaporating dish, washing the sulfur precipitate well. Evaporate the filtrate to 
dryness, and repeat the entire treatment with water and sodium thiosulfate, using 


1 U. S. Bur. Mines., BuU. 212. 

* The directions here given originated with Schoeller and Powell, Analysis of 
Minerals and Ores of the Rarer Elements, 1919. 
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160 ml of water and only 3 g of sodium thiosulfate dissolved in a little water. Finally 
make a third precipitation in the same way. 

Test the filtrates from the second and third thiosulfate precipitations by adding 
ammonia; if any considerable precipitation takes place the thiosulfate precipitation 
must be repeated. 

Dissolve the final precipitate of thorium hydroxide in 20 ml of 6 iV hydrochloric 
acid, dilute the solution to 150 ml, heat to 60°, and add 30 ml of cold, saturated oxalic 
acid solution. Allow to stand half an hour, then stir vigorously and allow to stand 
at least 4 hours at 60°. Filter; wash with hot, very dilute hydrochloric and oxalic 
acid solution. Ignite the thorium oxalate, and weigh as ThOa. 

Take the precipitate produced by 1 hour’s boiling of the filtrate from the first 
thiosulfate precipitation, the ammonia precipitates after the second and third pre- 
cipitations, together with the sulfur residues, and ignite. Fuse with potassium pyro- 
sulfate, cool, leach with hot water, precipitate with ammonia, dissolve in hydrochloric 
acid, evaporate to dryness, and carry out the thiosulfate precipitation as above. 
Add the small quantity of ThOj obtained after the final precipitation as oxalate to 
that originally obtained. 

Notes 1. The rare-earth oxides rarely dissolve perfectly in hydrochloric acid. 
When no more seems to dissolve, add a little potassium iodide and reheat. Boil off 
most of the iodine and oxidize the remainder with a little sulfurous acid and filter 
until a clear filtrate is obtained. 

2. If the initial separation of the rare earths as oxalates has been properly per- 
formed so that only traces of phosphate are contained in the precipitate, then if the 
final thiosulfate precipitate is washed and ignited to oxide it will be only about 0.2 
per cent too heavy. 

3. When extreme accuracy is not necessary, the filtrate from the first oxalate 
precipitation and that from the three thiosulfate precipitates can be neglected 
and the last thiosulfate precipitate ignited and weighed. 

(h) Separation of Cerium and Thorium by Potassium lodate^ 

The thiosulfate method is long and tedious. The iodate method is much more 
rapid and gives results which are nearly, if not quite, as good. 

Treat 50 g of monazite sand with sulfuric acid, as described above, and use one- 
tenth of the diluted solution. l''o the 50 ml aliquot, add 50 ml of concentrated nitric 
acid and cool. Add a solution of 15 g of potassium iodate in 30 ml of water and 50 
ml of concentrated nitric acid. Cool and allow to stand half an hour with frequent 
stirring. Allow the white flocculent precipitate of thorium iodate to settle and filter. 
Wash the precipitate back into the beaker and cover with 200 ml of a solution con- 
taining 8 g of potassium iodate and 200 ml of 6 A nitric acid per liter. Again pour 
through the filter and use the last solution for washing the precipitate. Rinse off 
the precipitate with hot water into the beaker again, heat to boiling, and dissolve the 
precipitate by adding dropwise 30 ml of concentrated nitric acid, or more if neces- 
sary. Dilute to 100 ml, cool, and reprecipitate the thorium as iodate by adding 4 g 
of potassium iodate dissolved in a little concentrated nitric acid and water. 

To remove titanium and zirconium, dissolve the precipitate in hydrochloric acid 


1 These notes were very kindly furnished by H. F. V. Little of Thorium, Ltd.. 
London. 

“ Meyer and Speter, Chem. Ztg.^ 34, 306 (1910); Schoeller and Powell, loc, cU, 



WATER IN SILICATES 


427 


and a little sulfurous acid to reduce any cerium to the cerous condition, make slightly 
basic with ammonia, and filter. Wash the precipitate free from iodide, dissolve again 
in hydrochloric acid, and precipitate the thorium as oxalate by means of a large excess 
of oxalic acid as in the preceding method. Ignite and weigh as ThOi. 

Water in Silicates 

The total hydrogen of any substance can be determined under suit- 
able conditions as water; Hillebrand^ has classified the hydrogen that is 
present in minerals as essential hydrogen or non-essential hydrogen. 

Essential hydrogen represents a characteristic constituent of the min- 
eral and may be present as acidic hydrogen, basic hydrogen, or water of 
crystallization. Thus the hydrogen of the minerals KH2Al3(Si04)3, 
FeH02, and Fe3(P04)2*8H20 can be regarded as representing essential 
hydrogen. Non-essential hydrogen is not necessary for the characteriza- 
tion of the mineral. It may be present in a supercooled solution, it 
may be held by adsorption or occlusion as water on the walls of cavities 
or the exteriors of crystals, or it may be included as water in the cavities 
or grains of minerals. 

No rule can be laid down to enable the chemist to differentiate sharply 
between the different clasvses. 

If the mineral on ignition loses nothing but water, the amount of the 
water can be determined by the loss in weight. Usually, however, 
other constituents (e.g., CO2, SO2, Cl, F, etc.) are lost, and the substance 
may undergo an oxidation (FcO is changed to FC2O3; PbS to PbS04, 
etc,). In such cases the procedure recommended by Jannasch can be 
used to advantage. The substance is heated with lead oxide, and the 
water vapor is conducted over a heated mixture of lead oxide and lead 
peroxide and absorbed in a weighed calcium chloride tube (see p. 408). 

If the substance on ignition loses simply water and carbon dioxide 
the water may be accurately determined by the method of Brush and 
Penfield.^ 


Brush and Penfield^s Method 

The rock powder is heated in a hard gla.s3 tube, closed at orie end, containing one 
or more enlargements to provide for the condensation of the water. For most pur- 
poses, the tube a shown in Fig. 70 is satisfactory. It is 20-25 cm long and haa an 
internal bore of about 6 mm. If the water is expelled with difficulty, the tubes 
h and c are sometimes preferred. The tube d is a thistle tube used for introducing 
the powder into the tube, and e is a tip which is placed on the open end of the tube 
during the heating to prevent diffusion of air in and out of the tube. At the start 


1 U. S. Geol. Survey, Bvll. 700. 

* Am. J. Sci., [3] 48 , 31 (1894), and Z. anorg. Chem., 7 , 22 (1894); Washington, 
The Chemical Analysis of Rocks. 
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and finish, it is important that the tube should be dry on the inside. To dry the tube, 
insert a piece of glass tubing, extending to the bottom of the tube, and connect the 
outer end with the suction pump. In weighing the tube, a brass tube support should 
be used for holding it on the balance pan. 

First weigh the tube and its brass support. Then introduce about 
1 g of the rock powder through the thistle tube, which must be dry on 
the inside. A suitable filling tube can be made from a 5-cc pipet, 



^ c q 

Fig. 70. 

cutting the bulb in two and reducing the length to 25 cm. After the 
tube is filled weigh the tube and brass support again to find the weight 
of powder taken. Avoid rolling any of the powder toward the open end. 

Clamp the tube in a horizontal position, and tap it gently to afford 
a free passage for the heated air above the powder and connect the tip e 
with the open end of the tube. Place a narrow strip of filter paper or 
lamp wicking around the bulb and the farther end of the tube, with the 
ends dipping in cold water. This is to keep the walls of the tube cold 
so that water will condense but the wicks should not be so near the 
open end that there is any chance of water getting into the tube from 
the outside. 

Carefully heat the closed end of the tube, gradually increasing the 
heat until the full heat of a Tirrill burner is obtained. With some 
minerals the heat of the M6ker burner is necessary. If the end of the 
tube tends to sink, gently turn it around from time to time. 

After the powder has been well ignited, and the water completely 
expelled, which will take at least 15 minutes, seal a short piece of narrow 
glass tubing to the hot end of the tube where the substance lies, to 
serve as a handle. Lower the flame and cautiously drive any con- 
densed moisture near the substance into the bulb, taking care not to 
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crack the tube. When this is accomplished and there are no longer 
any drops of water near the substance, soften the hot end by heating 
with the tip of a M^ker burner. When the tube is sufficiently soft all 
around, draw off the end containing the powder and seal the tube with- 
out allowing the flame to enter. 

Allow the tube to cool in a horizontal position, wipe dry on the outside, 
and weigh after it has reached room temperature, removing the tip 
while weighing. It is well to test the condensed water with litmus to 
see if it is acid or basic. After the tube has been weighed, dry with 
suction as at the beginning before the first weighing. Cool, wipe dry 
on the outside, and weigh again. The difference between the last two 
weights is the amount of total water contained in the rock powder. 

If the rock contains minerals like talc, topaz, chondrodite, or staurolite, it is neces- 
sary to use a high temperature in the original heating. If constituents like 80$, 

S, Cl, or F are present it is necessary to add as retainer a substance such as lime, 
previously ignited and cooled. Add about 0.2 g through the thistle tube after the 
rock powder has been weighed. 

To correct for the loss of water by evaporation, assume that 0.0003 g of water is 
lost per hour. If considerable carbon dioxide is prc.sent as carbonate in the powder, 
assume that each gram of CO 2 escaping from the tube will cause the loss of 0.0096 g 
of water. 

Method of Gooch 

The tubulated crucible devised by Gooch is usehil for the determi- 
nation of hydrogen (or water) in minerals which require a flux and a 
high temperature. Mix 0.5 g of the powder with 2.5 g of fully dehy- 
drated sodium carbonate (heated nearly to melting and cooled in a desic- 
cator) in the crucible C, Fig. 71. Place the crucible on a triangle, 
put the top in place ; connect on one .side with a calcium chloride tower 
and soda-lime tubes to free the air from moisture and carbon dioxide 
and connect on the other side with a sulfuric acid bulb-tube. If it is 
desired to determine carbon at the same time, use 10 g of fused lead 
chromate instead of the sodium carbonate as flux. Seal the top of the 
crucible by pouring powdered sodium tungstate (free from arsenic which 
would ruin the crucible), or sodium carbonate, into the flanged lip L, 
immerse the crucible in cold water, and melt the flux in the lip by 
the flame from a blast lamp. As soon as the flux is fused withdraw the 
flame and stopper the tubes through which air is passed. When the flux 
cools, a tight joint is made as shown by the maintenance of the height 
of sulfuric acid in the bulb-tube as it is sucked back during the contrac- 
tion of the crucible on cooling. . u L-l 

Dry at 105° for an hour by means of an air or toluene bath while 
passing dry air through the crucible. Then connect the crucible with a 
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weighed calcium chloride tube and the tube with a weighed Ascarite 
bulb (p. 325) if the determination of carbon is to be made also. Shield 
the sodium tungstate joint from the flame by a horizontal piece of asbes- 
tos board and place a similar vertical shield between the crucible and 
the weighed absorption tubes. Connect the outer absorption tube with 



the sulfuric acid bulb to show the rate at which the gas is passing through 
the apparatus. Slacken the air stream and carefully heat the crucible 
with a free flame, beginning at the top of the rock mixture. When the 
fusion is complete, as shown by a lessening of the rate at which gas 
escapes, extinguish the flame and allow a current of air to continue 
until the^ apparatus is cold. Only a few minutes are required for 
the heating. Cool and weigh the absorption bulb with the usual 
precautions. 

Obviously the determination can be made in a glass tube in a short 
combustion furnace. 
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Analysis of Tantalite or Columbite^ 

Tantalite and columbite are isomorphoiis orthorhombic minerals containing 
tantalic and columbic acids in combination with ferrous and manganous oxides: 
(Ta, Cb)206*(Fe, Mn)0. Tantalic acid preponderates in tantalite; columbic acid, 
in columbite. The method given below permits the determination of the essential 
constituents of the mineral in a sample weighing 0.25 g or less. 

Grind the mineral to an impalpable powder, and fuse 0.5 g with 4 g 
of potassium bisulfate in a silica crucible. Spread the fluid melt so 
that it solidifies in a thin layer. Cool, and fill the crucible with part 
of the hot solvent (4 g of tartaric acid in 50 ml of water). When de- 
tached, transfer everything to a 400-ml beaker with hot water, rinse 
the crucible, and add the rest of the solvent. Stir the liquid without 
interruption until the cake has disintegrated, leaving a pulverulent 
white residue which dissolves to a clear solution when the liquid is 
subsequently heated just to boiling during constant agitation. If this 
residue is allowed to settle, it begins to cake and adhere to the beaker, 
part of the tantalic acid becoming insoluble; in such a case, filter off 
and retreat the insoluble fraction, or begin again with a fresh 0.5-g 
portion. 

Treat the liquid with 5 ml of 10 per cent H 2 SO 4 , and introduce H 2 S 
until it is cold. Stir in a little filter pulp, allow to stand for an hour or 
two, and collect the precipitate and residue. Wash with acidulated 
H 2 S water; gently ignite in a porcelain crucible, and weigh as Sn 02 plus 
silicious gangue. Determine the tin as on p. 94. 

The filtrate contains hydrogen sulfide, and the iron as ferrous salt. 
Heat it to boiling, add 30 to 35 ml of strong hydrochloric acid, and boil 
for 2 minutes (cf. Vol. I, p. 588). Allow the white earth-acid precipitate 
to settle, decant the clear liquid through an 11-cm filter, mix the pre- 
cipitate with a liberal proportion of filter pulp, and transfer to the filter. 
With a stream of 0.2 N HCl from a wash bottle, return the precipitate 
to the beaker, stir up well, again collect on the filter, and finish the 
washing. Ignite the wet precipitate in the tared silica crucible, and 
reserve (A. ) . 

Evaporate the filtrate from the earth-acid precipitate in a large beaker 
to small bulk, transfer to a 250-ml beaker, and evaporate to about 20 ml. 
Reduce the ferric salt with hydrogen sulfide; add a decided excess of 
strong ammonia and 10 ml of fresh ammonium sulfide solution. The 
precipitate contains all the iron and all but a few milligrams of the 
manganese. Allow to stand for 2 hours, collect the precipitate on a 
9-cm filter containing a small pad of filter pulp pressed into the apex. 


I Schoeller and Webb, Analyst, 69 , 669 (1934). 
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and wash with water containing ammonium sulfide and chloride. Ignite 
the precipitate, dissolve it in strong hydrochloric acid, and separate 
iron from manganese by the basic acetate process (p. 209). 

Slightly acidify the filtrate from the sulfide precipitate with acetic 
acid, boil off hydrogen sulfide, and add a fresh solution of 1 g tannin 
and 5 g of ammonium acetate. The colored precipitate consists of the 
small earth-acid fraction not precipitated by hydrolysis with hydro- 
chloric acid. Filter, wash the precipitate with 2 per cent ammonium 
chloride solution, and ignite in the silica crucible containing the major 
fraction (A). Leach the ignited precipitate in a small beaker with 
0.5 N hydrochloric acid, make slightly ammoniacal, collect the pre- 
cipitate, ignite strongly, and weigh as Ta 205 + Cb 205 .^ For the sepa- 
ration of tantalum from columbium, the precipitate is treated as indi- 
cated on p. 224 (“Tannin Methods No. 4). 

The filtrate from the tannin precipitate contains a few milligrams of 
manganese. It is best to boil it down with a large excess of nitric acid 
and 5 ml of sulfuric acid for the destruction of the tannin, tartaric acid, 
and removal of chloride. Dilute the colorless final acid solution with 
water, and test the liquid colorimetrically with persulfate and silver 
nitrate (see p. 192). 


^ It is assumed that the mineral is substantially free from titania. 
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CHAPTER XIII 
GENERAL CONSIDERATIONS 

The fact that silver chloride is practically insoluble in water furnishes 
the basis of qualitative tests for both silver and chlorine and for the 
quantitative determination of both these elements. There are two ways 
in which this can be done. Thus the weight of the silver chloride pre- 
cipitate from a known weight of sample furnishes sufficient data for the 
computation of the percentage of chlorine present. Such an analysis 
is called gravimetric because the computation is based upon weights. 
The second way of carrying out the analysis is to measure the volume 
of silver nitrate solution required to precipitate completely all the 
chloride present. Then, if the concentration of the silver nitrate solution 
is known, the chlorine content can be computed. This is called volu- 
metric analysis because the result is obtained by measuring a volume. 
The process of determining the volume of reagent required to bring a 
definite reaction to completion is called titration. Many prefer, there- 
fore, to call this titrimetric analysis. This term is less ambi^ous 
because in gas analysis volumes arc measured. For volumetric or 
titrimetric analysis, accurately calibrated measuring instruments are 
necessary. 

Measuring Instruments 

1. Burets are tubes of uniform bore throughout the entire length; 
they are graduated in milliliters^ and are closed at the bottom, as shown 
in Fig. 72, by means of a glass stopcock, or with a piece of rubber tubing 
containing a glass bead h. The latter form was devised by Bunsen and 
is used as follows; Seize the tubing between the thumb and forefinger 


I The liter as defined by the National Bureau of Standards represents a vol- 
ume of 1000 027 cubic centimeters. The one-thousandth part of a liter is called 
the milliliter, abbreviated ml. It is almost but not quite the same as a cubic centi- 
meter, or cc. 
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at the place where the glass bead is, and, by means of gentle pressure 
at the top of the bead, form a canal at one side of the bead through which 
the liquid will run out. Instead of the glass bead an ordinary pinch- 
cock is sometimes used. 

Besides the above forms of burets, many others are in use, but it is 
unnecessary to describe them here. 

2. Pipets. A distinction must be made between a transfer pipet and 
a measuring one. A transfer pipet has only one mark upon it, and 
serves for measuring off a definite amount of liquid. Transfer pipets 
are constructed in different forms; usually they consist of a glass tube 
with a cylindrical widening at the middle. The lower end is drawn 

out, leaving an opening about 
0.5-1 mm wide. Pipets of this 
nature are constructed which will 
deliver respectively 1, 2, 5, 10, 
20, 25, 50, 100, and 200 ml. For 
delivering these definite volumes of 
liquid, pipets are more accurate 
than burets or flasks. 

Measuring pipets are buret- 
shaped tubes graduated in milli- 
liters and drawn out at the lower 
end. They serve to measure out 
any desired amount of liquid and 
are obtainable with a total capacity 
of 1, 2, 5, 10, 20, 25, and 50 ml. 

3. Measuring flasks are flat-bot- 
tomed flasks with narrow necks 
provided with a mark, so that when 
they are filled to this point they 
will contain respectively 50, 100, 
200, 250, 300, 500, 1000, and 2000 
ml. They serve for the preparation 
of standard solutions and for the 
dilution of fluids to a definite 
volume. 

4. Measuring cylinders are graduated in milliliters and are used only 
for rough measurements. 

It is clear that accurate results can be obtained by a volumetric 
analysis only when the instruments used are accurately calibrated. It 
should never be taken for granted that a purchased instrument is 
correct, but it should always be tested carefully. 
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Normal Volume and Normal Temperature 

A liter, which is the volume of a kilogram of water at its maximum 
density, is taken as the normal volume. If it is desired to mark on the 
neck of a liter flask the point to which this volume reaches, the position 
of the mark depends upon the temperature of the vessel. It is neces- 
sary, therefore, to choose for the vessel itself a definite temperature, 
the so-called normal temperature. At present the temperature of 
-h20°C is taken as the normal temperature by the National Bureau of 
Standards. According to this, then, the flask should contain at 20° the 
volume that would be occupied by a kilogram of water at -f 4°, and as 
the kilogram is the unit of mass, the weighing should also take place in 
a vacuum. 

The following table gives the density, or weight of 1 ml of water in a 
vacuum, at different temperatures. 

DENSITY OF WATER AT DIFFERENT TEMPERATURES 


t 

Density 

t 

Density 

t 

Density 

0° 

0.999867 


0.999271 

28® 

0.996268 

1 

9926 

15 

9126 

29 

0.995969 

2 

9968 

16 

8969 

30 

6672 

3 

9992 

17 

8801 

31 

6366 

4 

1.000000 

18 

8621 

32 

5052 

5 

0.999992 

19 

8430 

33 

0.994728 

6 

9968 

20 

8229 

34 

4397 

7 

9929 

21 

8017 

35 

4068 

8 

9876 

22 

0.997795 

36 

0.993711 

9 

9808 

23 

7563 

37 

3366 

10 

9727 

24 

7321 

38 

0.992993 

11 

9632 

25 

7069 

39 

2622 

12 

9524 

26 

0.996808 

40 

0.992244 

13 

9404 

27 

6538 




It is experimentally impossible to weigh water at 4° in a glass vessel 
at 20° and in a vacuum, but with the aid of (1) the above table, (2) the 
known expansion of glass with rise in temperature, and (3) the buoy- 
ancies of water and of brass when surrounded by air, it is possible to 
calculate what the weight of 1 1 of water is when weighed in the air at 
any temperature from 1° to 40°. The weights which must be placed 
upon the balance pan in order to determine the space occupied by a true 
liter of water, therefore, depend upon the temperature of the water and 
of the vessel, as well as the density of the air at the time of the experi- 
ment. The density of the air varies somewhat from day to day, depend- 
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ing upon the barometric pressure, the temperature, and the humidity. 
It usually suffices, however, to assume the average values of these 
factors, and in this way the following table has been computed to show 
the apparent weight in air with brass weights for temperatures between 
15° and 30° under 50 per cent humidity and at a barometer reading of 
760 mm. 

If the glass vessel is at 20° no other correction is necessary. The 
glass, however, expands with rise of temperature. The coefficient of 
cubical expansion^ varies from 0.000023 to 0.000028 per degree C. An 
average value of 0.000025 can be assumed. 

APPARENT WEIGHT IN GRAMS OF WATER IN AIR 


Temp, in 
Degrees C 

2000 ml 

1000 ml 

500 ml 

400 ml 

300 ml 

250 ml 

150 ml 

16 

1996.11 

998.05 

499.03 

399.22 

299.42 

249.52 

149.71 

16 

1995.80 

997.90 

498.95 

399.16 

299.37 

249.48 

149.68 

17 

1995.48 

997.74 

498.87 

399.10 

299.32 

249.43 

149.66 

18 

1995 . 13 

997.56 

498.78 

399.03 

299.27 

249.39 

149.63 

19 

1994.76 

997.38 

498.69 

398.95 

299.21 

249.34 

149.61 

20 

1994.36 

997.18 

498.59 

398.87 

299.15 

249.30 

149.58 

21 

1993.95 

996.97 

498.49 

398.79 

299.09 

249.24 

149.55 

22 

1993.51 

996.76 

498.38 

398.70 

299.03 

249.19 

149.51 

23 

1993.06 

996.53 

498.26 

398.61 

298.96 

249.13 

149.48 

24 

1992.58 

996.29 

498.15 

398.52 

298.89 

249.07 

149.44 

25 

1992.09 

996.04 

498.02 

398.42 

298.81 

249.01 

149.41 

26 

1991.57 

995.79 

497.89 

398.31 

298.74 

248.95 

149.37 

27 

1991.04 

995.52 

497.76 

398.21 

298.66 

248.88 

149.33 

28 

1990.49 

995.24 

497.62 

398.10 

298.57 

1 248.81 

149.29 

29 

1989.92 

994.96 

497.48 

397.98 

298.49 

248.74 

149.24 

30 

1989.33 

994.66 

497.33 

397.87 

298.40 

i 248.67 

149.20 


The expansion of water from 4° upward makes the weight of 1 liter 
of water smaller and, since water is less dense than the weights, weights 
of water in the air will always be less than they would be in a vacuum. 
If the temperature of the glass container is above 20°, the volume will 
be a little larger than it would be at 20°, which corresponds to greater 
weight, but this gain in weight is small compared with corrections 
caused by the expansion of water and by the buoyancy of the air so 
that, at the laboratory temperatures, the weight in grams is invariably 

* At first sight it may seem strange to consider the cubical expansion of glass in 
calibrating. If, however, we consider a cube of glass with a cavity cut in it of 10-cm 
edge, then on heating it the cavity will expand to the same extent as if the glass 
had not been cut out. We measure, therefore, the cubic expansion of glass which 
has been removed in order to find the change in volume of a glass measuring vessel. 
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a little smaller than the volume in milliliters. In the above table the 
weight in air of exactly the specified volumes of water is given. The 
table does not take into consideration the fact that the measuring 
vessel expands and if it reads correctly at 20° it will contain somewhat 
less at lower temperatures and somewhat more at liigher temperatures. 
Thus a glass volumetric flask which holds exactly 1000.00 ml at 20® will 
hold 1000.25 ml at 30®, and this quantity of water will weigh 994.92 g 
in the air instead of 994.66 g as given in the table. The difference 
between the weight 994.92 and the volume 1000 ml is 5.08, and, when 
the flask is calibrated correctly within 1 ml of the specified volume, we 
can get the exact volume, within 0.01 ml, by adding the value 5.08 to 
the weight of the water when the temperature is 30®. 

The following table is convenient for testing glass apparatus which 
is calibrated with the precision to be expected when purchased from 
reputable dealers. It gives values to add to the weight of the water 
in grams to get the number of milliliters which the glass measuring 
vessel indicates at 20®. 


VOLUME OF ONE LITER FROM THE WEIGHT OF WATER IN AIR 


Temp. 

Add 

Temp. 

Add 

Temp. 

Add 

Temp. 

Add 

15° 

2.07 

19.0 

2.65 

23.0 

3.40 

27.0 

4.31 

15.5 

2.13 

19.5 

2.73 

23.5 

3.50 

27.5 

4.43 

16.0 

2.20 

20.0 

2.82 

24.0 

3.61 

28.0 

4.56 

16.5 

2.27 

20.5 

2.91 

24.5 

3.72 

28.5 

4.69 

17.0 

2.34 

21.0 

3.00 

25.0 

3.83 

29.0 

4.82 

17.5 

2.41 

21 5 

3.10 

25.5 

3.95 

29.5 

4.96 

18.0 

2.49 

22.0 

3.19 

26.0 

4.06 

30.0 

5.08 

18.5 

2.57 

22.5 

3.29 

26.5 

4.18 




This table can be used also for testing other volumes such as that of a 
500-ml flask, a 100-ml flask, or a 50-ml pipet, when the proportionate 
fraction of the above values is taken. Thus in testing a buret by weigh- 
ing 10-ml portions, add the above values in centigrams to the weight in 
grams, and the sum will show the volume in milliliters. 


Calibration of a Buret 

A buret will not drain properly unless it is clean on the inside so that 
visible drops of liquid do not adhere to the sides when the liquid is with- 
drawn. “ Cleaning solution,” made from potassium dichromate and 
concentrated sulfuric acid, is efficient for cleaning burets and other glass 
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apparatus. Dissolve 2 g of potassium dichromate in 5 ml of water, 
heating until all the salt has dissolved, cool the solution, and add slowly, 
while stirring, about 65 ml of concentrated sulfuric acid.^ Consider- 
able heat is evolved on the addition of the acid to the water. Fill the 
buret with the hot chromic acid solution, and allow it to stand 15 
minutes or longer. Since this cleaning solution attacks rubber, it is 
best to remove the rubber tubing from the end of a Mohr or plain buret 
and force the end into a medium-sized cork stopper. Place a beaker 
under the buret while it is standing with the cleaning solution in it. 

After 15 minutes, let the solution run out and rinse the buret at 
least four times with water. Then test to see if water drains freely 
without leaving drops adhering to the sides; if not, the cleaning process 
must be repeated. The cleaning solution can be kept and used 
repeatedly. It should be warm but not boiling hot when being used. 
Before pouring the used cleaning solution down the sink, remember to 
start the water running freely so that the acid will be largely diluted and 
will not attack the piping. 

Remove the stopcock of the glass-stoppered or Geissler buret, wipe 
it dry, and also wipe the inside of the ground joint in the buret. Smear 
the surface with stopcock lubricant,^ and replace in the buret. Fasten 
the stopcock in place with some No. 24 copper wire. 

Fill the buret with distilled water, making sure that the water extends 
to the very tip of the stopper with no air bubble there. To remove 
the air from a plain buret, raise the tip so that it is above the bottom of 
the glass cylinder and allow water to run out from the upturned tip; the 
lighter air tends to flow upward. The buret is now ready to be cali- 
brated. Drain out water so that the upper level is close to the zero 
mark. 

Weigh a 50-ml, flat-bottomed, narrow-necked flask to the nearest 
centigram. The outside of the flask must be dry, but it is not necessary 
to have the inside dry or cleaned with chromic acid solution. It is a 
waste of time to read the weight closer than to the nearest centigram, 
because one cannot read the buret closer than to the nearest 0.01 ml, 

^ Cleaning solution containing 15 g K2Cr207 or Na2Cr207 in 600 ml of concen- 
trated sulfuric acid is efficient for cleaning glassware. It should be kept in a glass- 
stoppered bottle and handled with care as it makes holes in clothing. If spilled it 
should be diluted with water and neutralized before being sponged up. Spilled 
concentrated acid should never be allowed to remain unneutralized on the floor or 
working bench. 

* Vaseline can be used as lubricant but is a little thin. Lvbriseal, sold by the 
A. H. Thomas Co. of Philadelphia, is better. A good lubricant can be made by 
melting together, on the water bath, 16 parts of Vaseline, 8 parts of pure gum rubber, 
and 1 part of parafl^. 
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and rapid weighing is advantageous to avoid error due to evaporation. 
Record the weight in the notebook. (See p. 440.) 

Read the buret to the nearest 0.01 ml, and record the reading. ^ Check 
each weight and each reading after setting them down in the note- 
book. In reading the buret, it is best to reaci the bottom of the menis- 
cus, except with dark-colored liquids like potassium permanganate 
solution, in which case the top of the meniscus should be read. It is 
important that the eye should be directly opposite to the point read. If 
the eye is above the meniscus, the reading will be too high, and if the 
eye is too low the reading will be low. To avoid such parallax errors, 
the Bureau of Standards has asked the makers of burets to make the 
lines complete circles; the position of the eye is correct when the circle 
nearest to the bottom of the meniscus appears to be a straight line. 
When all the lines are circles, it is a little confusing to some eyes, so that 
many chemists prefer to use burets in which the lines of graduation do 
not extend very far and with lines of different lengths so that one can 
readily distinguish the whole and half milliliter lines. In such cases, it is 
well to take a strip of blue glazed paper with a straight and smooth 
edge. Wrap this strip around the buret evenly, with the colored edge 
on the inside. If the paper is placed about two divisions below the bot- 
tom of the meniscus, the eye will be level when the inside blue of the 
paper just comes into view. The blue also serves to make the tip of the 
meniscus appear a little darker and more sharply defined. With a little 
practice, one can easily learn to estimate the exact position of the 
meniscus within 0.01 ml. 

After reading the buret, drain out 10 ml of water into the weighed 
flask, stopping as closely as possible to the 10.00 mark but not wasting 
much time trying to get it exactly there because there will be a slight 
drainage while the weighing is being made. 

Then, without stopping to make an exact reading of the buret, weigh 
the flask and its contents to the nearest centigram. After this read the 
buret and allow water to run into the flask until the 20.00 mark is 
reached, continuing in this way until the buret has been drained to the 
lowest calibration mark. Record the weighings in the notebook accord- 
ing to the plan on p. 440. 

When the calibration is finished, fill the buret again and repeat the 
work. In the second testing the corrections for each 10 ml should check 
with the first within 0.02 ml. From the average values, make a plot 
using one division of vertical distance on the paper to represent 1 ml 
of buret reading and each division of horizontal distance to represent 
0.01 ml of correction. Then, on the plot, the total distance from the 
base line will show the correction to be applied for any given reading 
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BURET CALIBRATION. TEMPERATURE 25“ 


1 

Weights 

Difference 

Buret 

Readings 

Difference 

True 

Volume* of 
Each 
Portion 

Correction 
for 10 ml 

Total 

Correction 

20.52 

30.50 

9.98 

0.01 

9.96 

9.95 

10.02 

+ .07 

+ .07 

40.52 

10.02 

19.95 

9.99 

10.06 

+ .07 

+ .14 

50.47 

9.95 

29.93 

9.98 

9.99 

+ .01 

+ .15 

60.39 

9.92 

39.91 

9.98 

9.96 

-.02 

+ .13 

70.40 

10.01 

49.85 

9.94 

0 

0 

d 

+ .11 

+ .24 


♦ The table on p. 437'8how8 that the correction to be added to the weight of 1 1 of water when weighed 
in the air at 25® is 3.83 g. For 10 ml (Hoo liter) the correction will be 0,0383 g. Since the buret 
cannot be read to less than 0.01 ml, the correction used is 0.04 g. For very accurate work, weight burets 
are used in which the stoppered buret is weighed at the start and finish of each analysis. With such 
a buret the analysis can be made more accurately ; see p. 446. 


of the buret. Many burets are obtained today which are calibrated 
so accurately that there is no need for applying buret corrections, par- 
ticularly if one always makes a practice of beginning at about the zero 
mark with every standardization and in every analysis. It is not safe, 
however, to assume that a buret is correct without testing it. 

Instead of calibrating the buret in the manner just described, many chemists 
prefer to start each time at the zero point, refilling the buret after each withdrawal 
of 10, 20, 30, or 40 ml of licjuid. Others prefer to calibrate by causing the water to 
flow through a carefully calibrated small pipet, reading the buret after each with- 
drawal of a pipetful of water. 


Calibration of a Buret with a Calibrating Pipet 

Clean the calibrating pipet, F, in Fig. 73, with cleaning solution, 
and attach it to the tip of the cleaned buret and to another glass stop- 
cock, S2. The connections at A and B should be made by pressing 
the glass ends into thick- walled rubber tubing until the glass edges of 
the buret tip and of the pipet side arm make a glass-to-glass connection. 
Clamp the buret and the pipet rigidly in position (the clamps are not 
shown in the drawing). Fill the entire apparatus, from above the zero 
mark of the buret to the tip of stopcock <82, with distilled water at room 
temperature. Manipulate the two stopcocks Si and S2 until the 
meniscus stands exactly at the zero mark in the buret and at the upper 
mark C in the pipet. Take care to dislodge all air bubbles. Place a 
weighed, 50-ml, harrow-necked .flask, which has been weighed to the 
nearest 0.01 g, underneath stopcock <82, open this stopcock, and care- 
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fully draw off water until the meniscus is at the mark D; 
operation stopcock Si is kept closed. 

Now carefully open opcock Si of the bsturet 
and allow water to flow from the buret to the 
pipet until the meniscus just reaches the up- 
per mark C in the pipet. Close stopcock Si 
and read the bottom of the meniscus in the 
buret to the nearest 0.01 ml; record this read- 
ing in the notebook. Repeat these operations 
of draining the water down to the mark D in 
the pipet, filling from the buret to the point 
Cj and recording the buret reading in the 
notebook until, after 10 withdrawals, the 
buret reading is close to the 50-ml calibration 
mark. 

Weigh the flask and its contents, and take 
the temperature of the water. To illustrate 
the calculations, assume that the temperature 
was 25® and that the weight in air of the total 
quantity of water drawn off was 49.G2 g. From 
the table on p. 437 we find that the difference 
between the weight in grams and the volume 
in milliliters is 3.83 for 1 1. For 50 ml it is 
3.83/20 = 0.19. The actual volume of water 
drawn off is, therefore, 49.G2 4“ 0.19 = 49.81, 
and each pipetful represents 4.98 ml. The 
data can be tabulated as follows: 


during this 



Reading No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 





Corrected 

Buret Reading 

True Volume 

Correction 

Reading 




for each 5 ml 

0.00 

0.00 

0.00 

0.00 

4.94 

4.98 

+0.04 

5.04 

9.96 

9.96 

0.00 

10.00 

14.91 

14.94 

+0.03 

15.03 

19.86 

19.92 

+0.06 

20.06 

24.82 

24.90 

+0.08 

25.08 

29.83 

29.88 

+0.05 

30.05 

34.84 

34.86 

+0.02 

35.02 

39.82 

39.84 

+0.02 

40.02 

44.83 

44.82 

-0.01 

44.99 

49.85 

49.80 

-0.05 

49.95 
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Calibration of a Pipet 

Clean the pipet with cleaning solution, but take care not to suck any 
of the chromic acid into the mouth. To avoid this, attach a piece of 
rubber tubing to the pipet and apply suction through this tubing. 
Rinse out the pipet with water. Suck up distilled water to a point 
above the graduation mark, quickly place the forefinger over the top of 
the tube, and allow the level of the water to fall until the bottom of the 
meniscus coincides with the graduation mark. Then allow the contents 
of the pipet to run into a weighed flask; hold the pipet in a vertical 
position all the time. As soon as the pipet is empty, touch the tip to 
the inside surface of the flask and withdraw it. Do not wait for another 
drop to form and do not blow into the pipet. From the weight of the 
water, determine the volume of the pipet as in the calibration of a buret. 

Calibration of a Flask 

Flasks are sometimes calibrated both for content and for delivery. 
To test the calibration for delivery, clean and weigh the delivered water 
exactly the same as for burets and pipets. 

To test the calibration for content: Clean carefully and dry the flask 
both inside and outside. Allow it to come to room temperature and 
weigh the empty flask. Then fill with water up to the mark and weigh 
again. 

To calibrate an unmarked flask, preferably one having a narrow 
neck, clean, dry, and weigh (or tare^ carefully). Then place the proper 
weight on the balance pan and add water until equilibrium is again 
restored. Note the place on the neck where the bottom of the meniscus 
comes. 

Place the flask upon a level surface and fasten a piece of gummed 
paper with a straight edge around the neck of the flask so that its upper 
edge is just tangent to the deepest point of the water meniscus. Empty 
the flask, dry, cover its neck with a Uniform layer of beeswax, and allow 
to cool; this usually requires about 15 minutes. Then hold the flask, 
as is shown in Fig. 74, against the piece of wood s, place the blade of a 
pocket knife firmly against the upper edge of the thick paper ring, and 
revolve the flask through 360° around its horizontal axis; in this way a 
circle is cut in the wax layer. By means of a feather place a drop of 
hydrofluoric acid® along this circle while holding the flask in the hori- 

1 The word tore is used to represent a counterpoise which may or may not be 
weights. If weights are used, it is not necessary to record the values. 

* Hydrofluoric acid produces painful bums. If any of the acid gets on the fingers, 
wash them well with water at once. The acid does not smart, or sting, at first 
because it has anesthetic properties. 
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zontal position. By turning the flask around its axis, allow the drop 
of hydrofluoric acid to act upon the glass where the wax coating has 
been cut. After 2 minutes wash the excess of hydrofluoric acid off, dry 
the neck of the flask by means of filter paper, heat until the wax melts, 



Fig. 74. 


and wipe it off. Remove the last traces of wax by rubbing with a cloth 
wet with alcohol. 

If flasks or burets are to be tested in large numbers it is liettcr to use 
a volumetric method. Thus for testing flasks at the Bureau of Stand- 
ards a series of volumetric standards has been made up, each standard 
having a capacity slightly less than that of the flask it is intended to 
test. When the water from the appropriate standard is delivered into 
a flask, the flask is filled nearly to the graduation mark. The filling is 
then completed by means of a finely graduated buret. The capacity 
of the flask is found from the known volume delivered liy the standard 
and the additional volume delivered by the buret. The flask standard 
and the buret are themselves calibrated by weighing the water delivered. 

For the same purpose, Morse and Blalock devised a set of standard 
bulbs as shown in Fig 75. In calibrating these bulbs it is necessary to 
determine, with the aid of the table on p. 437, the capacity from 
the single mark to the first stem division and the capacity of the stem 
for the smallest subdivision. 

In using this Morse-Blalock apparatus it is not necessary to pay 
any attention to the temperature after the calibration is once made 
because, if the temperature of the water is constant during the work, 
the volume of the flask or buret will correspond to that of the cali- 
brating vessel. 

To calibrate a standard bulb, first clean it with soapy water and then 
with chrome-sulfuric mixture as described on p. 437. Place the bulb so 
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that the graduated stem is at the bottom as shown in Fig. 76. Use 
a glass stopcock for controlling the outflow, and the tip of the outflow 
must be restricted so that the outflow is not over 50 ml per minute. 
Fill the bulb to the upper mark. With the stopcock wide open allow 


water to flow into a weighed flask until the first 
division (zero) is reached. Stopper the flask 
and weigh. With the aid of the table on 
p. 437 compute the volume of water and ca- 
pacity of the bulb. Adjust the liquid again to 
the zero mark, place a smaller weighed flask 




Fia. 75. 


Fig. 76. 


under the delivery tube, and allow the stem to drain from the zero 
mark down to the bottom mark. Weigh and compute the volume of 
each scale division with the aid of the data given in the tables. From 
these data compute the proper mark on the stem to which the water 
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should fall m order to make the apparatus deliver the desired volume 
of water and check this by trial. 

For a more accurate calibration of the buret, 2-ml portions may be 
withdrawn or, by means of the standard tube shown in Fig. 76, the 
value of each milliliter or any fraction may be determined. 



To calibrate a buret, set up the 
apparatus as shown in Fig. 77. 
The reservoir must be higher than 
the top of the buret, and this, in 
turn, must be placed so that the 
lowest graduation is higher than 
the bulbs. With the three-way 
cock b closed, open the cock a 
and fill the buret with water. 
Close a and open h so that the 
2-ml and 3-ml bulbs can fill. 


Fig. 78. 



then drain the buret to the zero mark and the bulbs to that mark 
on the stem of the 2-ml bulb which represents exactly 2 ml. This 
leaves the bulbs properly moistened. Leave the buret cock open. 
Turn cock h and measure 5 ml of water from the buret into the small 
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bulbs. Observe the position of the meniscus upon the stem of the 3-ml 
bulb and calculate the true capacity of the first portion of the buret 
from the values of the stem divisions as determined in the calibration 
of the bulbs. 

To calibrate a flask, place the flask under the delivery tube and allow 
water to run into it from the Morse-Blalock bulb (Fig. 78) until the proper 
mark on the stem is reached and mark the position of the 
water in the neck as described on p. 442. 

For very accurate work, weight burets are desirable 
(Fig. 79). These are stoppered and weighed after each 
titration. It is possible to weigh a solution more accu- 
rately than to read its volume, but as a rule the end point 
is not accurate enough to warrant this extra bother of 
weighing. 

Concentration of Solutions. Calculations of 
Volumetric Analysis 

Volumetric analysis is based upon the measurement of 
volumes, but it is necessary to know the strength of the 
reagent used to accomplish a given reaction. The strength 
of a solution is determined by its concentration or the quan- 
tity of reagent in a given volume. A solution of silver ni- 
trate reagent may be prepared by dissolving 25 g of solid 
silver nitrate in water and diluting the solution to 1 1 . 
The concentration of the well-mixed solution can be ex- 
pressed by saying that it contains 25 g of silver nitrate 
per liter, or 25 mg per ml. This method of expressing 
concentrations in weight per unit volume is a very common 
one. Sometimes the concentration is expressed in weight 
of solute per unit weight of solvent. Thus, the silver nitrate solu- 
tion just referred to will contain 25 g silver nitrate in 997.2 g of water 
at 20 ^ 

In expressing the concentration of aqueous solutions of gaseous sub- 
stances such as NH 3 or HCl it is common practice to say that the solu- 
tion contains a certain percentage by weight. Thus the table at the back 
of the book shows that hydrochloric acid of 1.2 density contains 39.11 
per cent HCl by weight. This means that 1 ml of the HCl solution 
weighs 1.2 g and contains 1.2 X 0.3911 g of dissolved HCl. In this 
particular case, the table gives the values on a vacuum basis. 

Sometimes mixtures of two liquids are said to contain a certain per- 
centage by volume of one of them. Thus, if 25 ml of pure alcohol is 



Fig. 79 
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diluted with water to make 100 ml of solution, the mixture can be said 
to contain 25 per cent of alcohol by volume. 

The physical chemist usually finds it convenient to express concen- 
trations in moles per liter y the designation mole (German mol) meaning a 
molecular weight in grams. A solution containing 36.40 g of HCl per 
liter is called, therefore, a molar solution.^ This designation is also 
applied to ions in solution ; a solution is said to be molar in hydrogen 
ions if it contains 1.008 g of H+ per liter. 

Sometimes the molecular weight of a substance may be in doubt. 
Thus one chemist may write the formula of mercurous chloride as HgCl 
and another chemist may prefer HgaCU. To avoid misunderstanding 
of this nature, some chemists make use of the term formal solution to 
represent one formula weight in grams per liter and give the formula of 
the substance. 

There are other ways in which concentrations can be expressed using 
other units of mass and of volume. Thus the mass can be expressed in 
grains, ounces, pounds, or tons and the volume in pints, quarts, gallons, 
or cubic feet. 

The value of 1 ml of solution in terms of any substance with which 
it reacts is often called the titer of the solution. This is another way 
of expressing concentrations. 

For the purposes of volumetric analysis none of the above methods of 
expressing concentration is entirely satisfactory. If we say that 1 ml 
of HCl solution contains 0.4693 g of dissolved HCl, it is a rather tedi- 
ous problem in mental arithmetic to decide exactly how much NaOH 
it will neutralize. It involves the knowledge of the molecular weights 
of HCl (36.46) and NaOH (40.01). We can carry out such a compu- 
tation and find, for example, that 1 ml of the HCl solution will neutralize 
0.4693 X 40.01 4 - 36.46 = 0.5151 g of NaOH. This value expresses 
the concentration of the acid solution in terms of NaOH and is helpful 
if the acid is to be used for the sole purpose of analyzing samples of 
NaOH. Another computation is necessary to find out the strength 
of the solution with respect to any other suV)stance with which it will 
react. 

The most convenient method, however, of expressing the concentra- 
tions of solutions for the purposes of volumetric analysis is with refer- 
ence to equivalent weights. 


1 A solution containing one mole in 1000 g of solvent is often called a moled solution. 
This distinction between a molar and a molal solution is emphasized by some and 
disregarded by other chemists. 
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Nonnal Solutions 

By a normal solviion is understood one which contains 1 gram equivalent 
of the active reagent dissolved in 1 1 of solution.^ By gram equivalent is 
meant the amount of substance equivalent to 1 gram atom (1.008 g) 
of hydrogen. One milliliter of a normal solution contains one milli- 
equivalent of active reagent. For convenience in computation the con- 
centrations of solutions used for volumetric purposes are expressed 
in terms of their normality; that is, a solution is 2 normal, 0.5 
normal, 0.1 normal, etc. The letter N is used as an abbreviation 
for normal. 

The gram equivalent, or weight required to make a liter of normal 
solution, depends upon the nature of the reaction involved. It often 
happens that the same solution has a certain normal concentration 
when used for one purpose and a different normal concentration 
when used for another purpose. The reagents used in volumetric 
analysis are acids, bases, oxidizing agents, reducing agents, and pre- 
cipitants. 

The equivalent weight of an acid is determined by the number of 
replaceable hydrogen atoms in the acid molecule. Thus, to make a 
normal solution of the monobasic hydrochloric, hydrobromic, hydriodic, 
nitric, or acetic acids, it is necessary to have a molecular weight in 
grams (1 mole) of the acid dissolved in a liter of solution. To make 
1 liter of normal solution of the dibasic sulfuric acid only mole of the 
acid is necessary. 

Sometimes, however, it is not convenient to react with all the replace- 
able hydrogen atoms of an acid. In fact some acids are so weak that 
they cannot be used in volumetric analysis. Carbonic acid, for example, 
has no appreciable effect upon methyl orange, and only 1 of the 2 
hydrogen atoms in H 2 CO 8 is acid toward phenolphthalein. 

Phosphoric acid, H 8 PO 4 , really has 3 replaceable hydrogens, but 
only the first is acid toward methyl orange and 2 hydrogen atoms are 
acid toward phenolphthalein. In titrating with methyl orange as in- 
dicator, phosphoric acid acts as a monobasic acid and the normal 
solution contains 1 mole per liter. With phenolphthalein as indicator, 
phosphoric acid acts as a dibasic acid and mole per liter will make a 
normal solution of phosphoric acid. 

^ It is important to note that a normal solution is not properly dehned as one 
containing a gram equivalent in 1 1 of solvent. In volumetric analysis the unit 
is always referred to the volume of the solution. The gram equivaleni wiU often be 
referred to as the equivalent weight of a substance. The equivalent weight will 
always refer to 1 1 of solution and the milliequivalent to 1 ml. 
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A normal solution of a base will contain 1 mole of replaceable hydroxide 
per liter. Thus of potassium hydroxide, KOH, sodium hydroxide, 
NaOH, and ammonium hydroxide, NH4OH, 1 mole per liter makes a 
normal solution. Of barium hydroxide, Ba(OH)2, calcium hydroxide, 
Ca(OH)2, and strontium hydroxide, Sr (OH) 2, only % mole per liter is 
required. Magnesium hydroxide is not appreciably soluble in 
water, but it is convenient to use the conception of normal solu- 
tion to determine how much will be dissolved by an acid solution 
of known strength. One liter of normal hydrochloric acid will dis- 
solve mole of Mg(OH)2. 

Salts of weak acids and strong bases have a basic reaction. With 
methyl orange as indicator, 1 mole of sodium carbonate reacts with 
2 moles of hydrochloric acid ; hence, the equivalent weight is^ mole of 
sodium carbonate. With phenolphthalein, however, the end point is 
reached when 1 moj^ of sodium carbonate has reacted with 1 mole of 
hydrochloric acid ; in this case the normal solution will contain 1 mole of 
sodium carbonate per liter. One molecule of borax, Na2B407, reacts 
with 2 molecules of hydrochloric acid when methyl orange is the indi- 
cator. If, after this neutralization, considerable glycerol, C3H6(OH)3, or 
some mannitol, CflHsCOH)^ is added, one molecule of sodium hydroxide 
is required for each atom of boron in order to make the solution neutral 
to phenolphthalein. 

The equivalent weight of an oxidizing agent is determined by the 
change in polarity which the reduced element experiences. The polarity 
of an element is the sum of the positive and negative valence bonds 
which it has in a compound; it represents the state of oxidation. Usu- 
ally the polarity is the same as the valence except that a positive or 
negative sign is prefixed, but sometimes, as is true of the nitrogen atom 
of an ammonium salt, there is a difference. Nitrogen in the ammonium 
radical has a valence of 5, but four of the bonds are negative toward 
hydrogen atoms and the fifth bond is positive toward the acid ion 
of the ammonium salt. The polarity of nitrogen in an ammonium 
salt is —3 and it corresponds to the same state of oxidation as 
ammonia, NH3. 

When potassium permanganate is used as an oxidizing agent, the 
manganese drops to a lower polarity. In permanganate the polarity of 
the manganese atom is H"7, and, in most reactions used in volumetric 
analysis, the manganese is reduced to manganous salt in which the 
manganese has a polarity of +2: 

MnQ 4 “ 4- 5Fe++ + 8H+ Mn++ + 5Fe+++ H- 4 H 2 O 
2 Mn 04 ‘ + 101“ + 16H+ 2Mn++ + 5 I 2 + 8 H 2 O 



450 


GENERAL CONSIDERATIONS 


A normal solution of potassium permanganate, therefore, will contain 
Ys mole of KMn04 because the atom of manganese loses 5 positive 
charges in changing from a polarity of +7 to +2. 

Sometimes, however, the manganese of potassium permanganate is 
reduced only to the quadrivalent state. Thus a hot, nearly neutral 
solution of a manganous salt can be made to react with permanganate as 
follows : 

2Mn04" + 3Mn++ + 2H2O -> 5Mn02 + 4H+ 

In this case the manganese atom in permanganate loses only 3 charges 
and, strictly speaking, a normal solution of permanganate should con- 
tain only Y mole of the reagent, but permanganate is usually standard- 
ized by a reaction in which it is reduced to manganous salt. Throughout 
this hook) therefore) a normal solution of permangariate mill refer to one 
containing mole of KMnOi per liter) and 2MnOi~ will be regarded as 
10 equivalents. 

Potassium dichromate is often used as an oxidizing agent. In it 
each chromium atom has a polarity of +6, and by reduction 2 trivalent 
chromic ions are formed. There is a loss in polarity of 3 charges for 
each chromium atom, and a normal solution of potassium dichromate, 
K2Cr207, will contain 34 niole.^ 

Cr207’" + 6Fe++ + 14H+ 2Cr+++ + 6Fe+-H- -f 7H2O 

Cr207- + 61" + 14H+ 2Cr+++ + 3I2 + 7H2O 

Cr207“- + 3Sn++ + 14H+ 2Cr+++ -f- 3Sn-H-++ -f 7H2O 

Cr207” + 3H2S + 8H+ 2Cr+++ + 3S + 7H2O 

A solution of a ferric salt is sometimes used as a mild oxidizing agent. Thus, it 
will oxidize the iodide anion 

2Fe+++ + 21" = 2Fe++ + Is 

In this case, the oxidation depends upon the reduction of the ferric ion to the ferrous 
condition, and the equivalent weight of a ferric salt is the molecular weight divided 
by the number of Fe atoms in the molecule of the ferric salt. 

Solutions of ceric salts have been highly recommended for replacing potassium 
dichromate and potassium permanganate in titrations. The oxidizing effect of the 
quadrivalent cerium cation depends on the reduction of the cerium to the trivalent 
condition. The ceric cation, Ce'*"'"'"*', is reduced to Ce^"'"'' about as easily as Mn 04 " 


^ The valence of an ion containing more than one element is the algebraic sum of 
the polarities of its constituents. Except in peroxides, oxygen has a polarity of —2 
in its compounds. The polarity of the chromium can be determined from the charge 
of the ion and that of the oxygen. The same is true of the permanganate ion .or of 
any other complex ion. Thus, in Cr 207 "“ the chromium must have a polarity of 
-1-6 if each atom of oxygen has a polarity of —2, in order to get a charge of —2 on 
the CijOt"’. 
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is reduced to Ceric solutions are more stable than permanganate solutions, 

but the end point in a titration is not so easy to find. Usually it is best to determine 
the end point potentiometrically or with the aid of a colored substance that changes 
color when oxidized, such as diphenylamine or diplienylainine sulfonic acid. 

Ce++++ + Fe++ = Cc-^++ -f Fe+++ 

It is quite likely that the Ce^^++ is present in a complex rather than as a simple ion. 

The eqvuvalent weight of a reducing agent is detorinincd in like man- 
ner by the gain in polarity which the oxidized element experiences. 
Ferrous salts are oxidized to ferric salts, and the iron is changed from +2 
to +3 in polarity. A normal solution of ferrous sulfate, FeS 04 ‘ 7 H 20 , 
or of ferrous ammonium sulfate, FcS 04 *(NH 4 ) 2^504*61120, will contain 
1 mole of either salt per liter. 

As precipitants, the normal solutions are referred to the simplest 
type of salt in which each constituent has a valence of 1. Thus, of 
sodium chloride, NaCl, and of silver nitrate, AgNOs, a normal solution 
will contain 1 mole per liter. Of sodium sulfate, Na 2 S 04 , barium 
chloride, BaCh, and magnesium sulfate, MgS 04 , a normal solution will 
contain mole per liter. 

If potassium dichromatc is used as a precipitant in the following 
reaction 

Cv^Or + 2Ba++ + 2 C 2 H 302 " + H 2 O -> 2 BaCr 04 + 2 HC 2 H 8 O 2 

the normal solution will contain K niole per liter. 

Oxalic acid and the acid oxalates are used sometimes as acids and 
sometimes as reducing agents. Oxalic acid, H 2 C 204 * 2 H 20 , has 2 re- 
placeable hydrogens when titrated against alkali with phenolphthalein 
as indicator, and its normal solution as an acicl contains mole per liter: 

H2C2O4 + 2NaOH Na 2 C 204 + 2 H 2 O 
or 

2H+ 4- 20H" -> 2 H 2 O 

Oxalic acid also reacts with permanganate in accordance with the 
following equation : 

5 C 204 - + 2 Mn 04 " + 16H+ 2 Mn++ + 8 H 2 O -f lOCO, 

From the fact that the normal solution of permanganate contains % 
mole per liter, it is clear that the equivalent weight of oxalic acid as a 
reducing agent is 34 mole, just as when acting as an acid. In this case, 
however, the reducing power has nothing whatever to do with the 
hydrogen-ion content of oxalic acid, for the above reaction taices place 
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in the presence of a mineral acid. The valence of carbon in oxalic 
acid is 4, and the structural symbol, leaviiig out the water of crystal- 
lization, is written thus: 


O = C ~ O - H 

I 

O = C - O - H 

This structural symbol shows that 3 valence bonds of each carbon 
atom are positive toward 2 atoms of oxygen but one bond of each carbon 
atom is neutralized by a valence bond of the other carbon atom. The 
effective valence of each carbon atom is therefore +3 toward O or OH. 
It becomes -f-4 when oxidized to CO 2 . When oxalic acid is heated 
alone, H 2 O, CO, and CO 2 are formed, and thus, without oxidation, bi- 
valent and quadrivalent carbon atoms appear which correspond to the 
above assumption of an average polarity of +3. 

That the equivalent of €204 " is }4 mole is also shown by the fact that 
the oxidation can be expressed by the equation 

C2O4 — 2 c = 2CO2 

in which e represents the unit charge of the electron. 

Potassium acid oxalate, KHC2O4, can be used as an acid 

KHC2O4 + KOH K2C2O4 + H2O 

in which case the equivalent weight is 1 mole of KHC 2 O 4 , but as a 
reducing agent the reducing power is due to the oxalate anion and a 
normal solution will contain only mole of KHC 2 O 4 . A solu- 
tion of KHC 2 O 4 which is normal as an acid will be 2 A as a reducing 
agent. 

Potassium tetroxalate behaves similarly. As an acid it has 3 replace- 
able hydrogens and the equivalent weight is % mole : 

KHC204-H2C204-2H20 + 3NaOH KNaC204 + Na2C204 + SHjO 

As a reducing agent, potassium tetroxalate has two 0204 “ groups and 
the equivalent weight is % mole. If a solution of potassium tetroxalate 
contain^ 1 mole per liter, it is 3 iV as an acid and 4 iV as a reducing 
agent, and the same relation holds at all concentrations. 


Preparation of Normal Solution^ 

The required amount of substance should be dissolved in water 
and diluted to a volume of 1 1 at 20®. Often, however, the water is 
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not at the normal temperature, so that it is customary to dissolve the 
substance in water at the laboratory temperature and then dilute the 
solution up to the mark in a liter flask. After the solution is thoroughly 
mixed its temperature is taken by a sensitive thermometer. If the 
temperature is above 20°, the volume of the solution would be less than 
1 1 if it were cooled to exactly 20°, so that the solution as made up is a 
little too strong. The following table shows how to correct for the 
temperature effect : 


TEMPERATURE CORRECTION FOR VOLUMETRIC SOLUTIONS 


Capacity of Apparatus in Milliliters at 20°C 


Measure- 
ment, °C 

2000 

1000 

500 

400 

300 

250 

150 

Correction in Milliliters to Give Volume of Water at 20°C 

15 

-}-1.54 

+0.77 

+0.38 

+0.31 

+0.23 

+0.19 

+0.12 

16 

+1.28 

+0.64 

+0.32 

+0.26 

+0.19 

+0.16 

+0.10 

17 

+0.99 

+0.50 

+0.25 

+0.20 

+0.15 

+0.12 

+0.07 

18 

+0.68 

+0.34 

+0.17 

+0.14 

+0.10 

+0.08 

+0.05 

19 

+0.35 

+0.18 

+0.09 

+0.07 

+0.05 

+0.04 

+0.03 

21 

-0.37 

-0.18 

-0.09 

-0.07 

-0.06 

-0.05 

-0.03 

22 

-0.77 

-0.38 

-0.19 

-0.15 

-0.12 

-0.10 

-0.06 

23 

-1.18 

-0.59 

-0.30 

-0.24 

-0.18 

-0.15 

-0.09 

24 

-1.61 

-0.81 

-0.40 

-0.32 

-0.24 

-0.20 

-0.12 

25 

-2.07 

-1 03 

-0.52 

-0.41 

-0.31 

-0.26 

-0.16 

26 

-2.54 

-1.27 

-0.64 

-0.51 

-0.38 

-0.32 

-0.19 

27 

-3.03 

-1.52 

-0.76 

-0.51 

-0.46 

-0.38 

-0.23 

28 

-3.55 

-1.77 

-0.89 

-0.71 

-0.53 

-0.44 

-0.27 

29 

-4.08 

-2.04 

-1.02 

-0.82 

-0.61 

-0.51 

-0.31 

30 

i -4.62 

-2.31 

-1.16 

-0.92 

-0.69 

-0.58 

-0.35 


[This table shows the correction to various observed volumes of water, measured 
at the designated temperatures, to give the volume at the standard temp)erature, 
20®C. Conversely, by subtracting the corrections from the volume desired at 
20®C, the volume that must be measured out at the designated temperature in order 
to give the desired volume at 20°C will be obtained. It is assumed that the volumes 
are measured in glass apparatus having a coefficient of cubical expansion of 0.000025 
per degree centigrade. The table is applicable to dilute aqueous solutions having 
the same coefficient of expansion as water.] 
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For the following standard solutions more accurate results will be 
obtained if the numerical values of the above corrections are increased 
by the percentages given below : 


Solution 

Normality 

N 

0.5 A 

0.1 N 

HNOa 

50 

25 

6 

liSO, 

45 

25 

5 

NaOH 

40 

25 

5 

KOH 

40 

20 

4 

HCl 

25 

15 

3 

H 2 C 2 O 4 

30 

15 

3 

Na2COa 

40 

25 

5 


Standardization of Solutions 

If the reagent to be used in a volumetric analysis is known to be pure, 
it is best to prepare the standard solution as outlined on p. 446. Fre- 
quently, however, it is better to determine the concentration by testing 
the strength of the solution against some other substance known to be 
pure. Thus the strength of an acid solution can be determined by 
weighing out some carefully purified sodium carbonate and determining 
exactly how much of the acid solution is required to neutralize this weight 
of pure sodium carbonate. In this case the acid solution is said to be 
standardized against sodium carbonate and sodium carbonate is called 
the standard substance. Evidently, if the acid is a normal solution, each 
milliliter of solution will neutralize exactly 1 milliequivalent of the 
standard. The normal solution not only contains 1 milliequivalent of 
the active reagent in 1 ml but also it will react with 1 milliequivalent of 
other substances. In any standardization, therefore, if g is the weight 
of standard taken, ml is the number of milliliters of solution required 
to react with this weight of standard, and e is the milliequivalent weight 
of the standard used,^ then the normality of the solution (or the number 

of milliequivalents in 1 ml) is —r — = Usually this is sufficient 

mix e 

because the weight of substance that reacts with 1 ml of the standardized 
solution can be found by multiplying the milliequivalent weight of the 
substance analyzed by the value N, Sometimes, however, it is better 

' On p. 452, e was used to represent a unit of electricity, namely, a unit charge of 
96,500 coulombs on a gram equivalent or 96,500 -i- (6.06 X 10*®) coulombs or the 
actual atom or radical. Throughout the book, the italic letter e will be used in both 
ways, but this should not cause confusion. 
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to make the solution exactly normal, half-normal, or tenth-normal. 
To do this it is best to prepare the solution a little stronger than desired 
and then dilute it with water until the desired concentration is obtained. 
Then, if N is the normal concentration originally obtained, N' is the 
desired normality, V is the original volume taken, and F' is the volume 
after dilution, iV X F = iV' X F' and F' = (N X V)/N\ F' - F is 
then the volume of water to be added to the volume F. 

In volumetric work it is often desirable to have two solutions of 
reagents, one having the opposite effect to the other. Thus, in work- 
ing with an acid, sometimes too much is added and it is convenient to 
have a standardized solution of a base at hand to neutralize the excess 
acid. It is not necessary to standardize the second solution inde- 
pendently, but it is important to know the relative strengths of the two 
solutions. 

If a ml of solution A arc equal in strength to b ml of solution H, then 
1 ml of ^ = 6/a ml of B and I ml of B — a/b ml of If solution A is 
iV-nortnal, then solution B is (a X N)/b normal. If, on the other hand, 
the solution A is known to be iV-normal and solution B is known to be 
M-normal, then the relative strengths are: 1 ml of solution A — N/M 
ml of solution B] 1 ml of solution B — M/A^ ml of solution A, 


General Method of Computing Results 


Let ml represent the volume in milliliters of iV-normal solution 
required to react with s grams of a substance of which the milliequivalent 
weight is e; then 


mix N XeX 100 
s 


= per cent 


In the analysis of sodium carbonate, molecular weight 106.0, completely 
neutralized by hydrochloric acid, the value of e is 0.0530 and the result 
obtained by the above formula will be the percentage of Na 2 C 03 in the 
sample analyzed. If it is desired to express the result in terms of Na20, 
molecular weight 62.0, the value of e is 0.0310. Or it may be desired to 
find the percentage of CO 2 in the sample on the assumption that nothing 
else but Na 2 C 03 is present that will react with the acid used. In this 
case the value of e is 0.022. In using the above formula, therefore, it is 
necessary to bear in mind that the value of the milliequivalent should 
be in terms of the substance desired. The value X e is called the 
titer of the solution with respect to the substance of which e is the milli- 
equivalent weight. Thus e for Na20 is 0.0310 g, and for 0.5 N HCl the 
titer in terms of Na20 is 0.5 X 0.031, * 0.0155 g Na20, which means 
that 1 ml of 0.5 AT HCl will neutralize 0.155 g Na20. 
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Sometimes, it is desirable to avoid computations in technical work 
and it is convenient to weigh out a sample such that the buret reading 
will give the percentage desired (cf. p. 17). This will always be true 
if the weight of sample is 100 X N X e, as inspection of the above 
equation will show. Or, if the weight of sample is 50 X iV X e, then 
the desired percentage will be found by multiplying the ml used by 2. 



CHAPTER XIV 

ACIDIMETRY AND ALKALIMETRY 


The useful reactions of analytical chemistry are those which take place 
practically completely in a given direction. Such reactions are those .in 
which a slightly ionized substance is formed, an insoluble precipitate is 
obtained, a gas is evolved, or there is an oxidation of one substance at 
the expense of another^ The law of chemical mass action applied to a 
reaction of the type A B C D tells us that a reaction may be 
expected to go to completion if one of the products, either C or D, is 
removed as fast as it is formed, and this happens when the substance is 
not ionized, is insoluble, or is a gas. The reason that the reaction 
NaOH + HCl = NaCl + H 2 O takes place in dilute solutions is that 
water is ionized but slightly and, from the standpoint of the electrolytic 
dissociation theory, the reaction of neutralization is really 

H+ + OH- = H 2 O 


This is shown by the fact that the heat evolved by the reaction in dilute 
solution is practically the same irrespective of the nature of the ions that 
were originally combined with the H+ and OH" provided that the 
original acid and base are both ionized almost completely.^ 

The mass-action law, applied to the ionization of water, tells us that a 
state of equilibrium exists when 


[H-^] X [OH-] 
[H 2 O] 


= a constant 


In these mass-action expressions, a symbol written inside a bracket 
signifies a concentration expressed in moles per liter. In the case of 
water, the concentration of the non-ionized H 2 O is not changed appreci- 
ably as a result of ionization at room temperatures, and its concentration 
is enormous compared to the concentration of its ions ; the above expres- 
sion can be simplified, therefore, by saying [H+] X [OH"] = Kw ~ 
1.0 X 10“^^ at 24°. This expression is of fundamental importance. It 
states that in any aqueous solution the concentration of hydrogen ions 


1 Most ions are hydrated. For this reason, some textbooks insist on the use of 
the hydronium ion, HsO^, in place of the hydrogen ion, H+. HaO^ also has been 
called the oxonium ion. 
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(expressed in moles per liter) multiplied by the concentration of the 
hydroxyl ions present (also expressed in moles per liter) always equals 
1.0 X 10“^^ at 24°.^ Since 1 mole of H+ and 1 mole of OH” are formed 
from each mole of ionized water, it is evident that, in absolutely neutral 
water, the concentration of each of these ions is 1.0 X 10"^ at 24°. 

Very small numbers such as these are handled conveniently with loga- 
rithms. Since the cologarithm, or negative logarithm as it is often called, 
is the logarithm of the reciprocal of a number, it can be used equally well. 
Usually we multiply two numbers by adding their logarithms, but we get 
the same answer if we subtract the negative logarithm of one from the 
logarithm of the other. Similarly, the value a/h can be found by adding 
the negative logarithm of h to the logarithm of a. If c is the concentra- 
tion of H+ ions, log 1/c or —log c is called the pH or hydrogen exponent 
of the solution. Pure water at 24° has pH = 7, pOH = 7, and pKw = 
14. This pH concept is widely used. In general, if the pH exceeds 7 
the solution is more basic than water, and when pH < 7 it is more acidic 
than water. 

Since in any wsolution at 24° [H"*"] X [OH“] = 1.0 X 10“’'*, it is clear 
that the concentration of the OH" is known as soon as the concentration 
of the H+ is stated. In all cases pH + pOH = 14 at 24°. 

Logarithms. Almost every reader of this book will have used logarithms in con- 
nection with the study of algebra or trigonometry, but there may be some who have 
forgotten how to use logarithms with respect to expressions like log 1/[H+]. 

A logarithm of a number expresses the number as a power of some other number 
known as the base. Logarithms to the base 10, called common logarithms (Briggs), 
are used to simplify calculations; the expression log a always means the logarithm 
of the number a to the base 10 unless otherwise stated. If the number in question 
is an exact power of 10, it is easy to find the logarithm, as the following table shows: 


Number 1,000 100 10 1 0.1 0.01 0.001 

Exponential form 10^ 10* 10^ 10° 10~^ 10”* 10“* 

Logarithm 3 2 10 —1 —2 —3 


A logarithm is said to have two parts, the characteristic and the mantissa. The 
characteristic is a whole number which is written to the left of the decimal point in 
the logarithm, and the mantissa is the decimal fraction which is written to the right 
of the decimal point. The characteristic is used to locate the decimal point, and the 
mantissa gives the significant digits of the number. A simple example will explain 
this, using the number 25 with various positions of the decimal point. 


Number 2500 250 25 2.5 0.25 0.025 0.0025 

or 2.5X10* 2.5X10* 2.5X10 2.5 2^5 XIO”! 2^5X10“* 2^5 XlO”* 

Logarithm.... 3.3979 2.3979 1.3979 0.3979 1.3979 2.3979 3.3979 


1 The ionization constant of water, K^j varies from 0.12 X 10”“ at 0® to 73 X 10”“ 
at 100®C. pKio varies from 14.92 to 12.14. 
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Note: (a) When written in this way, it is a property of logarithms to the base 10 
that the decimal fraction (mantissa) is always the same for a given sequence of digits; 
(5) that the characteristic of a number greater than 1 is a number which is one less 
than the number of digits to the left of the decimal point; and (c) that the charac- 
teristic of a number less than 1 indicates the decimal place where the first digit other 
than 0 is found. The logarithm 2.3979 is composed of a negative number —2 and a 
positive fraction 0.3979. The minus sign, therefore, applies only to the character- 
istic and not to the mantissa, and for that reason is written over the characteristic 
rather than in front of it. It is true, of course, that — 2 + 0.3979 = —1.6021, hut 
when the logarithm is written in this way it is not so easy to use and the advantage 
is lost of having the mantissa always the same for a given sequence of digits. It 
should be noted, however, that 2.5 X 10~^ is the same value as 10“^ To avoid 
the difficulty of using a number like 2.3979 whu!h is part negative and part positive, 
many people prefer to write the logarithm of 0.025 as 8.3979 — 10 but this is likely 
to lead to confusion with very small numbers in wliich the first digit other than 0 is 
found more than 9 places to the right of the decimal point. 

On pages at the back of the book will be found a logarithm table. From it the 
mantissa of any sequence of digits can l)e obtained. Instead of these four-place 
logarithms, as they are called, it is possible to construct tal)les which will give the 
mantissa to 5, 6, 7, or any desired numl)er of decimal places. With them greater 
accuracy is obtained when it is desirable to use 5, 6, 7, or more significant figures in 
the computations, but, for the purposes of analytical chemistry, four-place loga- 
rithms are usually adequate and the larger, more bulky tables are not recommended. 

If it is desired to find the logarithm of 25.62 we know in the first place that the 
characteristic is 1 because the number lies between the first and second powers of 
10. The table of logarithms at the back of the book tells us that the mantissa of 256 
is 4082, and in column two under Proportional Parts we find that we must add 3 to this 
mantissa to get the logarithm of 2562, hence log of 25.62 = 1 .4085. The “ propor- 
tional parts ” in this table were obtained by taking the average difference between 
two neighboring mantissas in the same horizontal row and using a proportional part. 

Antilogarithms. At the back of the book will also be found a table of antiloga- 
rithms. This table is used similarly to the logarithm table but from it the sequence 
of digits corresponding to a given mantissa is obtained. 

If we wish to find the number corresponding to log = 1 .4085, we turn to the table 
of antilogarithms at the back of the book and find that the digits corresponding to 
.408 are 2559; and in column five under Proportional Parts we find that we must 
add 3, which gives us the digits 2562. Since the characteristic of the logarithm is 1 
we know that the desired number is 25.62. 

The advantage of using logarithms lies in the fact that multiplication and division, 
squaring, cubing, and taking square roots, cube roots, etc., become very easy processes 
because they are performed by additions, subtractions, multiplications, and divisions 
of exponents. We learned from the study of algebra that a" X a”* = and 
since a logarithm such as 1.4085 merely means that the original number is 101“°“, 
it is clear that adding logarithms has the same effect as multiplying the original 
numbers. Therefore, to multiply o by 6 we simply add the logarithms, and to divide 
a by b we merely subtract the logarithm of b from the logarithm of a. To find the 
square of a we merely multiply its logarithm by 2 and find the antilogarithm. 

Cologarithms. The cologarithm or negative logarithm of a number is the logar 
rithm of its reciprocal (or 1 -5- the number). Since the logarithm of 1 is 0.0000 and 
the logarithm of a fraction is the logarithm of the numerator minus the logarithm of 
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the denominator, it is evident that the cologarithm of a number is found by subtract- 
ing its logarithm from zero. Thus the log of 2 = 0.3010, and its cologarithm is 
1.6990 (the log of 0.6 which is the reciprocal of 2). The mantissas of these colog- 
arithms (usually called cologs) can be written directly from the values in the table^by 
subtracting each digit from 9 except the last on the right (other than 0) which is sub- 
tracted from 10. In a series of multiplications and divisions it is often advantageous 
to use the cologarithms because adding the cologarithm has the same effect as sub- 
tracting the logarithm and the series can be carried out by a single addition of all the 
values. Cologarithms are sometimes called negative logarithms because they are 
obtained by subtracting the logarithms from 0. 

Finding Values. From what has just been said, it is evident that pH values 
represent the cologarithms of hydrogen-ion concentrations expressed in moles per 
liter. If the hydrogen-ion concentration is an even power of 10, the pH value is 
at once apparent. Thus pH = 7 means that the hydrogen-ion concentration is 
10“^ mole per liter. What will be the pH of a solution containing, let us say, 0.000023 
mole of H'*' per liter? The[logarithm of 0.000023 is 5.36, and the cologarithm is 4.64.^ 
To find pH values corresponding to solutions containing less than 1 mole H'^ per liter, 
express the moles per liter as a whole number between 0 and 10 multiplied by 10 
to a negative power. Then, if this number is a X 10"*, look up the logarithm of 
a in the table to two significant figures (or take it from a slide rule), and subtract this 
value from h. 

Conversely to find the concentration in moles of H* per liter to correspond to 
pH = 4.64, subtract 4.64 from 0.00 and get 5.36, look up the number corresponding 
to 0.36 ( = 2.3), and write 2.3 X 10”® as the desired number. 

A perfectly neutral solution has a pH value of 7. If the pH value is 
smaller than 7, the solution can be said to be more acidic than pure water, 
and if it is larger than 7 it is more basic. Another way of expressing 
this is to say that a solution is acidic if it contains more hydrogen ions 
per unit volume than are present in pure water and basic if it contains 
fewer hydrogen ions. It is well known that acids and bases vary greatly 
with respect to their ionization in aqueous solutions. The relative 
strength is shown by a comparison of the ionization constants 


form 


^ This is easily seen by expressing 0.000023 as 2.3 X 10”®. Then 

2.3 X 10-» ° S log g = log 10»- log 2.3 = 5.00 -0.36 = 4.64. 

* The mass-action law applied to the ionization of a weak acid takes the general 
IH+] X [A- 


[HA] 


i A:, in which k is called the ionization constant. Dibasic and tri- 


basic acids are usually ionized to different degrees with respect to each replaceable 

hydrogen atom. The primary ionization constant of H»P 04 is ^ ^ ^ » 

IHsPOd 

1.1 X 10”*; the secondary ionization constant is ^ ~ 2.0 X 10”^; 

[J 42 FD 4 J 

and the tertiary ionization constant is ^ = 3.6 X 10””. 

l±lrU4 J 

The value 3.6 X 10”” for the tertiary ionization of phosphoric acid shows that the 
presence of a considerable quantity of HP 04 ~ in an aqueous solution does hot increase 
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When a strong acid, like hydrochloric acid, is neutralized with a 
strong base, such as sodium hydroxide, the reaction takes place practi- 
cally completely as soon as exactly one equivalent of the base has been 
added. There is no appreciable hydrolysis of the salt formed, and the 
end point takes place at pH = 7. It is a different matter when a weak 
acid like acetic acid is neutralized with sodium hydroxide. In this case 
the sodium acetate as it is formed tends to repress the ionization of the 
unneutralized acid, and when, finally, a quantity of base equivalent to 
the original acetic acid has been added, the pH of the solution will be 
distinctly higher than 7. In the same way, when sodium acetate is dis- 
solved in water, the solution will show pH >7. If a weak base like 
NH4OH is neutralized with a strong acid like hydrochloric acid, the 
final solution will show a pH distinctly less than 7. 



Titration of 0.1 AT HCl Titration of 0.1 AT IICzHiOj Titration of 0.1 AT HCjHiO* 
with 0.1 AT NaOH with 0.1 AT NaOH with 0.1 AT NH 4 OH 

Fia. 80. 

The curves of Fig. 80, obtained by measurement of the single potential 
of a hydrogen electrode during a titration, illustrate these points. The 
curve for the titration of the hydrochloric acid with sodium hydroxide 
shows a marked change produced by a very little base when the end 
point is reached. This may be taken as the halfway point of the nearly 
vertical line and corresponds almost exactly to pH = 7. The curve for 
the titration of the acetic acid shows a distinct rise in pH long before the 
end point is reached, and the halfway point of the nearly vertical line is 

very much the concentration of the hydrogen ions present over the quantity furnished 
as a result of the ionization of water itself. 

The mass-action law applied to the ionization of a strong add or of a strong base 
does not give a useful value because, if the ionization is practically complete, the 
value of the ionization constant approaches oc. In comparing the ionization con- 
stants, therefore, it is customary to call that of the strong acids and bases [1]; the 
number is enclosed in brackets to show that it is not obtained by a rigid application 
of the mass-action law. 
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at a pH > 7. The third curve shows an indistinct end point, although 
the solution is neutral with pH = 7 when an equivalent of base has been 
added. The indistinct end point is due to the fact that the ionization 
of both acid and the base is slight in the presence of their neutral 
salt; as a result, ammonium acetate is hydrolyzed appreciably in 
aqueous solution. 

From what has just been said four conclusions can be drawn: (1) the 
end point of a titration of an acid with a base does not always coincide 
with pH = 7 ; (2) a good end point cannot be obtained if both the acid 
and the base are weak ; (3)'^hen a weak acid is titrated with a strong 
base, the end point occurs at pH > 7; and (4) when a weak base is 
titrated with a strong acid the end point occurs at pH < 7. 

INDICATORS 

The indicators used in acidimetry and alkalimetry are dyestuffs 
which are of one color in acid solutions and another color in basic solu- 
tions. They are, as a rule, weak acids, though some of them are 
weak bases. It has been found that in organic compounds the color 
can usually be traced to a particular arrangement of atoms called a 
chromophor^ The change in color, therefore, is caused by a slight re- 
arrangement of the atoms in the molecule.. Thus, if the salt of an indi- 
cator acid is yellow^ and on treatment with acid it turns red, the change 
in color is due to the fact that, when the indicator acid is liberated* by 
the action of the stronger acid^ the molecule undergoes a slight change in 
the way the atoms arc linked together and thereby loses temporarily 
the ability to ionize as an acid. R is not sufficient, however, to assume 
that this change of color is causecf solely by the fact that the ions have a 
color other than that of the undissociated molecule; on the contrary, it 
has been shown in certain cases that the ions have the same color that 
the undissociated molecule has before the rearrangement of the atoms in 
the molecule has taken place. On the other hand, as regards the proper 
use of indicators it is necessary simply to bear in mind how salts of weak 
acids behave in the presence of stronger acids and how the acids them- 
selves behave in the presence of alkali 

By means of electrometric tests it is possible to determine the hydrogen- 
ion concentration at which any indicator changes colors Indicators are 
known which change at different concentrations of hydrogen ion, and 
for any special case an indicator should be chosen which will change 
color as nearly as possible at the hydrogen-ion concentration correspond- 
ing to the saturation p>oint of the acid and base used in the analysis. 

Indicators may be classed as neutral when they change color at about 
pH 7, sensitive to adds when the transition interval is distinctly greater 
than pH 7, and sensitive to hoses if they change color at values distinctly 
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below pH 7. With absolutely pure water, containing no dissolved CO 2 , 
the first class show the transition tint, the second class show their acid 
colors, and the third show their basic tints. In other words, water is 
neutral to the first, acid to the second, and basic to the third ch\ss. 
Water saturated with C ()2 under a pressure of 1 atmosphere of this gas 
has a pH of about 3.7 at 25*^ ; water in contact with a normal atmosphere 
containing about 0.03 per cent by volume of CO 2 has a pH of about 5.7; 
and carefully prepared conductivity water has a pH close to 7. 

Innumerable organic compounds containing acid or basic groups 
change color at definite concentrations of H+, and it is possible to select 
indicators so that a fairly close estimation of the pH can be made from 
pH 1 to pH 14. The following table shows the color-change intervals 
of some of the most-used indicatoi's. Some indicators, like thymol 
blue, have two transitions because of the presence of more than one 
group sensitive to acid or base. 


COLOR-CHANGE INTERVALS OF CERTAIN ACID-BASE 
INDICATORS AT 25° 


Chemical Name 

Trade Name 

Color Change 
Acid-Base 

pH Range 

Thymolsulfonphthalein 

Thymol blue 

Red-yellow 

1.2- 2.8 

Diphenylamino-p-benzene 
sodium sulfonate 

Tropeolin 00 

Red-yellow 

1.3- 3.0 

Diihethylaminoazobenzene 

Methyl yellow 

Red-yellow 

2.0- 4.0 

Tetrabrornophenolsulfon- 

phthalein 

Bromophenol blue 

Yellow-purple 

3.0- 4.6 

Dimethylaminoazobenzene 
sodium sulfonate 

Methyl orange 

Red -orange-yellow 

3.1- 4.4 

Tetrabromophenol-m-cre- 

solsulfonphthalein 

Bromocresol green 

Yellow-blue 

3.0- 5.4 

p-Dimethylaminoazoben- 
zene-o-carboxylic acid 

Methyl red 

Red-yellow 

4.2- 6.2 

Dichlorosulfonphthalein 

Chlorophenol red 

Yellow-red 

4.8- 6.4 

Dibromothymolsulfon- 

phthalein 

Bromothymol blue 

Yellow-blue 

6.0- 7.6 

Phenolsulfonphthalein 

Phenol red 

Yellow-red 

6.4- 8.0 

Dimethyldiaminophenazine 

chloride 

Neutral red 

Red-yellow-orange 

6.8- 8.0 

m-Cresolsulfonphthalein 

771-Cresol purple 

Yellow-purple 

7.4- 0.0 

Thymolsulfonphthalein 

Thymol blue 

Yellow-blue 

8.0- 0.6 

Phenolphthalein 

Phenolphthalein 

Colorless-red 

8.0- 0.8 

Thymolphthalein 

Thymolphthalein 

Colorless-blue 

0.3-10.5 

Na salt of p-nitraniline- 
azosalicylic acid 

Alizarin yellow 

Yellow-violet 

10 1-12.0 


Suitable indicator solutions Contain 0.05-0. 1 g of the solid in 100 ml 
of solution. Tropeolin 00, mbthyl orange, and alizarin yellow can be 
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dissolved in water. Methyl yellow, neutral red, phenolphthalein, and 
thymolphthalein are soluble in 90 per cent alcohol. The sulfonphtha- 
leins dissolve in water after an equivalent quantity of sodium hydroxide 
has been added to form the water-soluble sodium salt. Triturate 0. 1 g of 
the powder with the following volumes of 0 . 1 AT NaOH : thymol blue, 2. 15 
ml; bromophenol blue, 1.5 ml; bromocresol green, 1.45 ml; methyl red, 
3.7 ml; chlorophenol red 2.35 ml; bromothymol blue, 1.6 ml; phenol 
red, 2.85 ml ; cresol purple, 2.6 ml. Dissolve in water and dilute to 100 ml. 

It was stated onp. 462 that some indicators changed color at pH values 
distinctly below 7 and were sensitive to weak bases, others changed at 
about pH 7, and others changed at pH distinctly greater than 7. This, 
however, does not mean that the indicators themselves are acid, neutral, 
or basic in such a grouping. Some indicators contain both acid and 
basic groups in their molecules. Methyl orange, which changes color at 
pH 3. 1-4.4, is an acid which is stronger than acetic acid ; phenolphthalein 
is an acid comparable in strength to boric acid; methyl orange is sensi- 
tive to bases, and phenolphthalein to acids. Methyl yellow is a weak 
base with ionization constant 1 X IQ-^L As a general rule, the fact 
that an indicator is sensitive to bases and changes color at a pH below 7 
indicates that the indicator itself is either a relatively strong acid or a 
weak base. Some writers call methyl orange a weak base and others 
classify it as an acid. The dimethylaminoazobenzene sulfonic acid itself 
is distinctly acidic for the SO 3 H group is much stronger as an acid 
than the substituted amino group as a base, but the sodium salt of 
dimethylaminoazobenzene sulfonic acid behaves like a weak base. It 
is a base in the sense that any salt of a weak acid, like sodium acetate 
for example, is a weak base, and, as a matter of fact, the Bronsted defini- 
tion of acid and base does make the acetate ion a base. It is idle, there- 
fore, to argue whether the different indicators are themselves acids or 
bases. Many of them are weak acids which are present as sodium salts 
in the indicator solutions. 

It is sometimes desirable to have at hand solutions of definite pH 
values. These so-called buffer solutions can be prepared from carefully 
standardized 0.2 N HCl, 0.1 AT HCl, 0.1 AT NaOH, and 0.1 Af solutions 
of potassium acid phthallate, monopotassium phosphate, potassium 
chloride, and boric acid. To prepare 100 ml of the last four solutions, 
dissolve separately 2.042 g KHC 8 H 4 O 4 , 1.362 g KH 2 PO 4 , 0.746 g KCl, 
and 0.62 g HaBOs in water, dilute each solution to exactly 100 ml in a 
volumetric flask, mix, and store in glass-stoppered bottles. To prepare 
solutions of definite pH mix these solutions in accordance with the fol- 
lowing table.^ 


* W. M. Clark, The Determination of Hydrogen lons^ 3rd ed., 1928. 



COMPOSITION AND pH OF CLARK AND LUBS BUFFER MIXTURES 

AT 20° 


Composition 


pH 


48.5 ml 0.2 N HCl -f 25 ml 0.2 N KCl diluted to 100 ml 1.0 

32.25 “ “ “ “ “ “ “ “ “ 1.2 

20.75 “ “ “ “ “ “ “ “ “ 1.4 

13.15 “ “ “ “ “ “ ‘‘ ‘‘ “ 1.6 

g 0 it (( (( (< << n it it a ^ ^ 

5.3 “ “ “ “ “ ‘‘ “ “ “ 2.0 

3.35 “ “ “ “ “ “ “ “ “ 2.2 

46.70 ml 0.1 AT HCl + 50 ml 0.1 M KHC«H404 diluted to 100 ml 2.2 

39.60 “ u u u 2.4 

32.95 “ “ “ “ “ u u u 2.6 

26.42 “ “ “ “ “ “ “ 2.8 

20.32 “ “ “ “ “ “ “ “ “ 3.0 

14.70 “ “ “ “ “ “ “ “ “ 3.2 

9.90 “ “ “ “ “ “ “ “ “ 3.4 

5.97 “ “ “ “ “ “ a » u 30 

2.63 “ “ “ “ “ “ “ “ 3.8 

0.40 ml O.l N NaOH + 50 ml 0.1 M KHC8H4O4 diluted to 100 ml 4.0 

3 yQ it it ii it it i( it it ii ^ 2 

y 0Q ii it it ii ii n u << << 4 4 

12 15 “ ** “ “ ‘‘ “ 4.6 

17 70 “ ** ** “ “ “ “ ** 4.8 

23.a5 “ “ “ “ I. u « 5 0 

29.95 “ “ ** “ “ it it it 5 2 

35.45 “ “ “ a it u 5 4 

39.85 “ “ “ it it it 5 0 

43.00 “ “ “ “ “ a it it 53 

45.45 « “ “ “ “ “ it a it 00 

5.70 ml 0.1 A NaOH + 50 ml 0.1 M KH2PO4 diluted to 100 ml 6.0 

8.60 “ “ “ “ “ “ u u n 0 2 

12.60 “ “ “ “ ‘‘ “ “ “ “ 6-4 

17.80 “ “ “ “ ‘‘ “ u w u 0 0 


23.65 “ “ “ “ “ “ “ “ “ 8.8 

29.63 ml. 0.1 N NaOH + 50 ml 0.1 M KH2PO4 diluted to 100 ml 7.0 

35.00 “ “ “ “ “ » » 7.2 

39.50 " " “ " “ “ - “ “ 7.4 

42.80 “ “ “ “ “ “ “ “ “ 7.6 

45.20 “ “ “ “ “ - “ “ 7.8 

46.80 “ “ “ “ “ “ “ “ “ '• 8.0 

2.61 ml 0.1 N NaOH + 50 ml 0.1 M HjBO, diluted to 100 ml 7.8 

3 97 « u << « “ » “ » “ 8.0 

5 90 “ « « “ “ “ “ “ “ 8.2 

8^50 “ “ “ “ “ “ » - 8.4 

12 00 “ “ “ ** ** ** ** ** 8-6 

16.30 “ “ “ “ “ “ “ “ “ 

21 30 it « « « « “ “ “ “ 9.0 

26 70 “ ** ** ** ** ** ** ** ** 

32 00 “ “ “ “ “ “ ** ** ^ 

36.85 “ “ “ “ “ “ “ “ 9.6 
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Mixed Indicators. An indicator which has one color in an acid 
solution and another color in a basic solution does not show a pro- 
nounced sharp color change at a definite pH but there is. a gradual 
changing of the color over a transformation range. Thus methyl 
orange is changing color from pH 3.1 to 4.4. A sharper transformation, 
and one that is easier for most eyes to detect, can be obtained if some 
dyestuff is added of a color complementary to one of the indicator 
colors. Such mixed indicatoi-s have been often proposed^ though not 
much used. Especially useful is a mixture of 1 g of methyl orange and 
1.4 g of xylene cyanolc FF in 1 1 of 50 per cent ethyl alcohol. The 
color is green in a basic solution and magenta in an acid solution. The 
mixti^re is neutral gray at pi I 3.8. 

For a rapid and approximate determination of the pH a so-called 
universal indicator can be used. Universal indicators are mixtures of 
dyestuffs so chosen that the mixture assumes a different color at each 
different unit of pll. Thus Kolthoff has recommended a mixture of 15 
ml 0.1 per cent dimethylaminoazobenzene + 5 ml of 0.1 per cent methyl 
red -+■ 20 ml 0.1 per cent bromothymol blue -}- 20 ml of 0.1 per cent 
phenolphthalein + 20 ml of 0.1 per cent thymolphthalein. The colors 
obtained when 0. 1 ml of the mixture is added to 10 ml of the solution to 
be tested are: rose at pH 2.0; reddish orange at pH 3.0; orange at pH 
4.0; yellow-orange at pH 5.0; lemon-yellow at pH 6.0 ; yellow-green at 
pH 7.0 ; green at pH 8.0; blue-green at pH 9.0; and violet at pH 10. 
Such mixtures can be purchased but are not very accurate. 

The indicators most used in quantitative analysis are methyl orangey 
methyl red, and phenolphthalein. 

1. Methyl Orange 

By methyl orange, ^ Lunge, ^ who first proposed the use of this indicator, 
understood either the free sulfonic acid of dimethylaminoazobenzene or 
its sodium or ammonium salt. 


1 M. Scholtz, Z. Elektrochem., 10, 549 (1904); Luther, Chem.-Zlg., 31, 1172 (1907); 
Kirschnik, Chem.-Ztg., 31, 960 (1907); A. Cohen, J, Am. Chem. Soc., 44, 185 (1922); 
Hickman and Linstead, J. Am. Chem. Soc., 121, 2502 (1922); Lizius, Analyst, 46, 
355 (1921); F. H. Carr, Analyst, 47, 196 (1922); G. Simpson, J. Ind. Eng. Chem., 
16, 709 (1924); I. M. Kolthoff, Sdure-Base Indicaioren; Kolthoff-Rosenblum, Add 
Base Indicators. 

* This dyestuff has been known commercially as helianthin, orange III, tropeolin 
D, Poirrier’s orange III, dimethylaniline orange, mandarin orange, and gold orange. 

» Ber., 1878, II, 1944; Chem. Ind., 1881, 348; Handbuch fur Sodaindustrie, I, 
52 (1879); II, 151 (1893). 
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In the free state, the sulfonic acid is obtained in the form of red- 
dish violet scales, soluble in considerable water. If some of the solid 
is dissolved in as little water as possible, a distinct reddish orange solution 
is obtained; but on the further addition of water this color gradually 
changes to yellow. If a trace of an acid is added to the yellow solution, 
it becomes red again, and on further dilution with water the color changes 
to orange and finally to yellow once more, if too much acid was not added. 
The color changes which take place between 79H = 3 . 1 - 4.4 can be ex- 
plained easily. 

In the sensitive neutral solution there is a condition of equilibrium 
between two isomeric forms of methyl orange as expressed by the equar 
tion: 

HS03-CeH4 N:N C6H4N(CH3)2 ^ S03 C6H4 NH N:C6H4:N(CH3)2 


The formula on the left represents the yellow sul)stance and the color 
is due to the azo group N :N, whereas the formula on the right repre- 
sents the red substance which has for its chromophor the quinoid group 
:C6H4:. The formula on the left has a sulfonic group which imparts 
acid properties to the molecule, and at the other end is an N(CH3)2 
group which has weakly basic properties. The formula on the right, 
therefore, represents an inner salt inasmuch as the acid- and base-forming 
groups are united. 

The sodium salt of methyl orange is yellow and has the formula 
NaSOaC 6H4N :NC oH 4N (CH3) 2 

and when decomposed by acids the free sulfonate at once reverts to the 
red form:^ 

SO 3C 4NH-N :C eH 4 :N (CH 3) 2 


Methyl orange is an excellent indicator for weak bases but cannot be 
used for the titration of weak acids. 

If it is desired to titrate a solution containing sodium hydroxide with 
a tenth-normal acid, add a little methyl orange to the alkaline solution 
and titrate with acid until the solution is colored a distinct red. This 
color will not appear permanently until an excess of the acid has been 
added. The use of excess acid causes a slight error in the analysis which 
is greater in proportion to the amount of indicator employed, and to the 
dilution of the solution. 

From what has been said the following rule holds : 

1 Cf. Stieglitz, J. Am. Chem. Soc., 26, 1117; Peters and Redmon, J. Chem. Edu- 
cation, 17 , 525 (1940). 
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In any titration a small amount of indicator should be used, and, 
inasmuch as the change of color is proportional to the concentration and 
not to the absolute amount of acid present, the analyzed solution should 
have as nearly as possible the same concentration as prevailed in the 
standardization of the reagent used. 

If a normal acid is used for the titration, the change of color is very 
sharp when the volume of the solution titrated amounts to about 100 ml. 
Even with a fifth-no rinal solution the change of color is very distinct, 
but less so with tenth-normal solutions; but these can be titrated 
provided the standardization was made at the same dilution as that used 
in the analysis. 

How is it with the end point in the titration of an acid with an alkali 
hydroxide solution? 

If a few drops of methyl orange are added to 100 ml of water, the 
water will be colored distinctly yellow. If the solution contains the 
same amount of hydrochloric acid as is contained in 10 ml of a tenth- 
normal solution of this acid, the solution will be colored a deep red. In 
order that the solution shall assume its original yellow color, it is only 
necessary to add exactly 10 ml of 0.1 AT alkali hydroxide solution, but 
no excess of alkali, because the water is itself sufficient to decompose the 
dyestuff sufficiently to produce the yellow color. 

It is evident, then, that it is not a matter of indifference in the analy- 
sis whether the titration is completed by the addition of acid or by the 
addition of alkali. In the former case, for the titration of T ml of 0.1 iV 
alkali solution, T + < ml of 0.1 AT acid would be necessary. 

Methyl orange is more sensitive toward alkali than toward acid, but 
many prefer to finish the titration by the addition of acid, for most 
eyes can detect the change from yellow to red with greater accuracy. 
In principle it is more accurate to accomplish the titration the other 
way, as was recommended by F. Glaser. 

Uses. Methyl orange is suitable for the titration of strong acids 
(HCl, HNO3, H2SO4) as well as phosphoric and sulfurous acids. Hydro- 
chloric and nitric acids can be titrated with this indicator with a sharper 
end point than sulfuric acid. 

Phosphoric Acid. If free phosphoric acid is titrated with sodium 
hydroxide in the presence of this indicator, the solution changes from 
red to yellow when one-third of the phosphoric acid has been neutralized : 

H3PO4 + OH’ = H2PO4" 4 - H2O 

The primary phosphates are neutral toward methyl orange; the 
secondary and tertiary phosphates react alkaline toward it. With half- 
normal solutions, the end point of the reaction is fairly sharp. With 
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tenth-normal solutions it is less so, and an excess of about 0.3 ml of the 
0.1 iV alkali hydroxide is necessary to cause the change from red to 
yellow. 

Sulfurous Acid, In titrating sulfurous acid with sodium hydroxide, 
the yellow color is obtained when half the acid has been neutralized 

H2SO3 + OH~ = HSOa" + H2O 

and HSO3” is neutral toward this indicator. 

The weak acids HCN, H2CO3, H2S, H3ASO3, H3BO3, and HCr04'‘ when 
present in moderate quantities do not affect the color of methyl orange 
solutions. CO2 and H2S produce an orange-red coloration only when 
present in large amounts. For this reason dilute solutions of the alkali 
salts of these acids can be titrated with accuracy by means of this indi- 
cator. 

Organic acids cannot be titrated with methyl orange. 

The strong and weak bases NaOH, KOH, NH4OH, Ca(OH)2, Sr(OH)2, 
Ba(OH)2, and Mg(OH)2 can be titrated with great accuracy by means 
of this indicator, and the same is true of the amine bases (methyl and 
ethyl amines, etc.) ; on the other hand, such weak bases as pyridine, 
aniline, and toluidine cannot be titrated. 

Nitrous acid ordinarily cannot be titrated with this indicator because 
the acid destroys it. If, however, an excess of alkali is first added to 
the solution of nitrous acid, then the methyl orange, the titration can 
be accomplished with accuracy. 

2. Methyl Red 

(CH 8 ) 2 N - C6H4 - N - N - C6H4 - COOH 
Paradimeihylaminoazohenzene-o~carhoxylic acid 

This valuable indicator is suitable for titrating weak organic bases 
and ammonia. The aqueous solution of methyl red is orange, but, if 
a few drops are added to 50-100 ml of water, the water is colored a pale 
yellow. The addition of a drop of 0.1 iV HCl at once turns the liquid 
a violet-red without its passing through any intermediate shade, and 
by the addition of a drop of ammonia the solution becomes nearly 
colorless again. Methyl red is not very sensitive toward carbonic acid, 
but more so than methyl orange, so that it is less suitable for the titra- 
tion of carbonates. The chief advantage of this indicator lies in the 
sharp color change from a very pale yellow to a violet-red, even in titrat- 
ing ammonia. The color change is at pH = 4. 2-6.2. 
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3. Phenolphthalein 

Phenolphthalein is a very weak acid forming red salts which contain 
the strongly chromophoric quinoid group: C6H4:. The free acid, how- 
ever, is unstable and, when set free from one of its colored salts, by the 
addition of acid, it reverts instantly into a colorless lactoid form, con- 
taining no chrqmophor group : 


H00CC6H4C(C«H40H):C6H4:0 

red 


00C-CeH4C(Cai40H), 

I I 

colorless 


In the free acid, therefore, the condition of equilibrium favors the 
lactoid form and only traces of the quinoid acid are present. This trace 
of quinoid acid is ionized somewhat and is in equilibrium with its ions: 

H00C-CeH4-C(C(Jl40H) :CeH4:0 

+ 00C-C6H4*C(C6H40H):C6H4:0" 


The addition of an alkali causes the hydrogen ions to disappear, so 
that more of the quinoid molecules must be ionized to preserve equilil> 
rium, and the quinoid molecules in turn are reproduced from the lactoid 
as fast as the former are converted into the salt. Phenolphthalein is 
a very sensitive indicator towards acids, but on account of being a very 
weak acid it does not form stable salts with weak bases. 


Phenolphthalein becomes pink in solutions of pH greater than 8.3 but becomes 
colorless in solutions which contain a large excess of alkali hydroxide. Potenti- 
ometric titrations indicate that phenolphthalein is tribasic and that the colorless 
forms are shown by free phenolphthalein and by the ion of tribasic salt. These 
facts and the theory that the color is due to resonance, or vibration in the molecule, 
can be explained as foUows.^ Phenolphthalein in the unneutralized state has a 
colorless molecule that can be represented by the formula shown below in (o). The 
addition of OH" causes the formation of H 2 O with one of the phenol groups, but this 
causes disruption of the lactone group and the negative charge on the anion formed 
shifts to the carboxyl group giving the compound shown at (6). But the second 
phenol group is about as strongly acidic as the other, and it reacts with a second 
molecule of OH" before the first reaction is completed, and this results in the forma- 
tion of the dibasic anion shown in (c). The part of the compound containing the 
two phenol groups is now symmetrical, and the two resonance forms are shown in 
(c) and (d). The addition of strong caustic alkali forms the tribasic salt of phenol- 
phthalein, and the colorless tribasic anion shown in (e) results in which no resonan e 
is possible. 


1 Peters and Redmon, J. Chem. Education, 17 , 525 (1940). 
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-> QH<( y ~C = <( - 


( 6 ) 
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Uses. Phenolphthalein is particularly suited for the titration of 
organic and inorganic acids and strong bases, but not for the titration 
of ammonia. 

If the red-colored solution containing phenolphthalein and a little 
alkali is treated with an excess of concentrated alkali hydroxide solution, 
the red color disappears at pH = 10 but returns if the solution is diluted 
with water. Phenolphthalein, therefore, cannot l)e used as an indicator 
for the titration of concentrated alkali without previous dilution with 
water. 

Phenolphthalein is a sensitive indicator toward acids. It is far more 
sensitive to acids than is methyl orange, for not only can the presence 
of weak acids be detected, but even very small amounts can be titrated 
with accuracy. 

Ordinary distilled water usually contains carbon dioxide, as can be 
shown by slowly adding 0.1 barium hydroxide solution, drop by drop, 
to 100 ml of water containing a drop of the indicator solution. Where 
the alkali first meets the water, a red color is produced which disappears 
on stirring, so that often as much as 0.5 to 1.8 ml of the alkali must be 
added before a permanent red color is obtained. The disappearance of 
the red shows the presence of acid (in this case carbonic acid), and its 
amount corresponds to the alkali neutralized. 

Phosphoric Acid. If a solution of phosphoric acid containing phenol- 
phthalein is titrated with normal sodium hydroxide solution, a per- 
manent coloration is produced when two-thirds of the phosphoric acid is 
neutralized: 

H8PO4 4 - 20 H’ HPO4” + 2H2O 


Apparently Na 2 HP 04 reacts neutral toward phenolphthalein, but this 
is not quite correct, for a pure solution of disodium phosphate is colored 
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a pale pink by phenolphthalein, and on dilution with water the intensity 
of the color increases owing to progressive hydrolysis: 

HPOr" 4- H 2 O ^ OH" + HjPOr 

During the titration of phosphoric acid with sodium hydroxide, a 
pale pink color is obtained somewhat too soon, and this color gradually 
increases in intensity until finally a maximum is reached, which is taken 
as the end point. It is possible that this hydrolysis could be prevented 
by the addition of a large excess of sodium chloride and cooling to about 
0°C. 

Carbonic Acid. If the solution of a neutral alkali carbonate is treated 
with phenolphthalein a red color is obtained, showing the presence of 
hydroxyl ions in the solution, due to hydrolysis : 

COa” + H 2 O ^ OH'* + HCOs" 

If hydrochloric acid is added to such a solution which is not too dilute 
and is at a temperature of 0°, decolorization is effected when the alkali 
carbonate^ is changed to bicarbonate. At ordinary temperatures a 
sharp end point cannot be obtained; the color gradually fades. Pure 
sodium bicarbonate dissolved in ice-cold water is not colored by the 
addition of phenolphthalein; if it is warmed to the temperature of the 
room it turns red, but on cooling the color disappears (Kiister). 

Silicic acid seems to be without influence upon phenolphthalein, for 
alkali silicates (the water-glasses) can be titrated with accuracy. 

Chromic acid and acid chromates are changed by the addition of alkali 
to neutral chromates, which have no action upon phenolphthalein. 

Alkali aluminates can be titrated accurately with this indicator, for 
aluminum hydroxide does not affect it. 

Uses of Indicators. Indicators are used for two distinct purposes: 
(1) to show the actual concentrations of hydrogen ions in dilute solutions 
of acids and bases; and (2) to show the end point of a titration. The 
actual concentration of hydrogen ions depends upon the quantity of acid 
present and upon the extent to which the acid is ionized. A tenth- 
normal solution of acetic acid requires just as much sodium hydroxide 
to neutralize it as the same volume of tenth-normal hydrochloric acid, 
but the hydrochloric acid contains about 70 times as many hydrogen 
ions. The tenth-normal acetic acid has a pH value of about 2.9, and 
the hydrochloric acid a pH value of about 1. For many purposes it is 

1 Alkaline-earth carbonates behave differently. They do not dissolve appreciably 
until the solution has a pH smaller than 6. Cf. p. 349. 
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much more important to know the pH value of a solution than the actual 
content of acid molecules. 

The concentration of hydrogen ions, or the corresponding pH value, 
of a dilute solution of an acid or of a base can be computed easily from 
the so-called ionization constant of the acid or base. The ionization of a 
weak acid can be regarded as a chemical reaction that quickly reaches a 
state of equilibrium. Thus, if HA represents any weak acid, H+ the 
hydrogen ion, and A~ the anion, the ionization reaction is 

HA^H+d- A** 

and the mass-action expression corresponding to this reaction is [H'^] X 
[A"]/[HA] = k. In such cases [H+], [A~], and [HA] are usually expressed 
in moles per liter, and the concentrations are those corresponding to a 
state of equilibrium. 

The stronger the acid, the larger the ionization constant. For a completely 
ionized acid, the ionization constant is assumed to be 1, cf. p. 461. The mass-action 
law does not help us much when the ionization is practically complete. When 
expressing concentrations in moles per liter we assume that one unit of a binary elec- 
trolyte gives two, and this leads to a mathematical error because the units are not 
absolutely the same. Such an error, however, can be disregarded in working with 
weak electrolytes. 

In considering the ionization of acids with more than one replaceable hydrogen, 
such as sulfuric or phosphoric acid, the ionization reactions should never be written 
II2SO4 2H+ -f SOi"" or H8P04 3H+ + PO4 because the first equation 

states that one sulfate anion is formed for every two hydrogen ions and the second 
equation states that one phosphate is formed for every three hydrogen ions. This is 
false; The ionization of sulfuric acid takes place in two stages and of phosphoric 
acid in three stages. 

H2SO4 ?=fc H+ -h HSO4- HsP04 + H2PO4" 

HS04“ -h SO4” H2PO4" ^ + HPO*- 

HPO4'" H+ -f PO4 — 

The corresponding mass-action expressions are 


[H-^][HS04-] 

[H 2 S 04 ] 

= «-i = [1] 

IH+](H2P04-1 

[H,P04] 

* Ai = 1.1 X 10-* 

IH+11S04--1 

[HSO4-] 

=* Ki == 3 X 10-* 

IH+KHP 04--1 

IH 2 P 04-1 

= /fa - 2.0 X 10 ^ 



(H+KP 04 — ] 
IHP 04 --] 

= a:, » 3.6 X 10-« 


In the case of phosphoric acid, we may consider that three acids are present. The 
first, H|P 04 , corresponds to a moderately strong acid and is about 36 per cent 
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ionized in tenth-normal solution; the second is weak and will not show an ^id 
reaction to methyl orange; the third is an extremely weak acid. We can multiply 


the three equilibrium expressions together and get - 


^ KiXKiXKt 


= 7.9 X 10~^, which is precisely the same form of expression that we would get if 
the reaction H 8 PO 4 3H+ + P 04 “" took place, but in substituting numerical 
values we must remember that the quantities of formed by the secondary and 
tertiary ionization are inappreciable with respect to that formed by the primary 
ionization. The value of [PO4 ] would be merely that extremely low concentration 
formed by the tertiary ionization. The only significance of the expression 
Ki X K 2 X Ki is to show the effect that increasing the ID concentration has upon 
that of the P 04 """. This explains, for example, why phosphates dissolve readily 


in solutions of HCl or UNO 3 . 


The following table shows the ionization constants of some acids and bases. 


Acids 

Ka 

Pa = “logKa 

Acetic 

1.8 X lO-*^ 

4.74 

Arsenic, Ki 

5.0 X 10-3 

2.30 

Benzoic 

0.8 X 10-'^ 

4.10 

Boric 

0.0 X 10-'° 

9.22 

^ , . \Ki 

4.9 X 10-' 

0.31 

Carbonicj ^ 

0.3 X 10-" 

10.20 

Chromic, Ki 

0.0 X 10-' 

0.22 

(Ki 

8.0 X 10-* 

3.10 

Citric j/Ca 

5.0 X 10-5 

4.30 

ka 

2.0 X 10-« 

5.70 

Formic 

2.0 X 10~* 

3.70 

Hydrogen cyanide 

7 X 10-'° 

9.14 

, \Kx 

9 X 10"* 

7.05 

Hydrogen sulfide j 

1.2 X 10-'5 

14.92 

_ . f/C. 

3.8 X 10-3 

1.42 

Oxalic j ^ 

3.5 X 10-5 

4.40 

{Ki 

1.1 X 10-3 

1.90 

Phosphoric 

2.0 X 10-' 

6.70 


3.0 X 10-'* 

12.44 

Sulfuric, Ki 

3.0 X 10-3 

1.62 

\Ki 

1.7 X 10-3 

1.77 

Sulfurousj ^ 

1.0 X 10-' 

7.00 

. \Ki 

9.7 X 10-« 

3.01 

Tartaric 1 ^ 

9.0 X 10-5 

4.05 

Trichloroacetic 

1.3 X 10-' 

0.88 

Bases 

K, 

pb = —logic* 

Ammonia 

1.75 X 10-5 

4.76 

Barium hydroxide, K 2 

3 X 10-3 

1.62 

Ethylarnine 

5.0 X 10-* 

3.25 

Hydrazine 

3.0 X 10-5 

5.62 


Choice of Indicators in Titrations. The titration of an acid with a 
solution of a base is generally called a neutralization, but a sharp end 
point is obtained at pH = 7 only when the acid and base are both strong 
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electrolytes. If the acid and base are equally strong, the end point with 
a weak acid and a weak base should occur at pH = 7 but it will not be 
sharp. This is illustrated by the plotted curves on p. 461. The titration 
of a weak acid with a weak base should be avoided whenever possible 
because of this difficulty in getting a sharp end point. 

The curve on p. 461 for the titration of hydrochloric acid with sodium 
hydroxide shows that the titration is practically finished at about pH = 
3.5 and the next drop of 0.1 N sodium hydroxide solution changes the 
pH to about 10.5. In reading such a curve, the true end point is taken 
as halfway up the nearly vertical line, which is at pH = 7 in this case. 
Any indicator that changes color between pH = 3.5 and pH = 10.5 
should give a good result. 

The curve for the titration of acetic acid with sodium hydroxide shows 
that the end point is at about pH = 9. Such a solution Is alkaline be- 
cause of the hydrolysis of sodium acetate. In this titration, therefore, 
the end point is not at the neutral point but at the equivalence point, i.c., 
it occurs when a quantity of sodium hydroxide equivalent to the acetic 
acid present luxs been added. A study of the curve on p. 461 shows that 
methyl orange which changes color at pH = 2.9-4.0 is absolutely useless 
for this titration, l)ut phenolphthalein which changes color at pH = 8.3- 
10 should give a good result. A similar study of the titration of ammonia 
with hydrochloric acid will show that phenolphthalein is useless and that 
methyl red or methyl orange can be used. From the ion product constant 
of water and the ionization constant of the weak acid or base to be titrated, 
it is possible to compute the pH value of the solution at the equivalence 
point, and when this is known the proper indicator can be chosen. 

The hydrolysis of a salt can be expressed as follows: 

BA + H2O BOH + HA 

when BA represents the formula of the salt, BOII that of the base, and HA that of 
the acid. Since most salts, excepting the halides of mercury and cadmium, are almost 
completely ionized in dilute aqueous solutions, this hydrolysis equation becomes 

A- + H2O ^ OH' + HA ( 1 ) 

when BOH is a strong electrolyte and HA is a weak acid. The mass-action law 
applied to this reaction of hydrolysis, and with the symbol Kht is 

[OH'l X [HAl ,, 

— ® 

The quantity of water involved in the reaction is very small as compared with the 
total quantity of water in the solution so that IH2OI is regarded as a constant quan- 
tity and is left out of the mass-action law expression. 
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IH+] 

Now, if we multiply equation 2 by » 

[H+] 


[H-^1 X [OH-] X [HA] ^ ^ 

[H+] X [A-] Ka “ * 


( 3 ) 


Now according to equation 1 equal quantities of OH" and HA are formed by the 
hydrolysis so that in equation 2 we can replace [HA] with [OH“], and since the 
salt formed is practically completely ionized, we can replace [A”] with c, the concen- 
tration of the salt present in the solution. This gives us 


and 


Using logarithms we have 



log [OH-] = K log M log c - yi log Ka 

= -7 4- H logc -f Mpa 


(4) 


because log Kw = — 14 and —log Ka — Pa. 

Then, by changing all the signs, the equation becomes 

-log [OH'j = pOH = 7 - K log c - 


and since, according to p. 458, pH -f- pOH = 14, and /^H = 14 — pOH, the formula 
for computing pH at the equivalence point in titrating a weak acid with a strong base is 


pH = 7 + log c + KPa 


Precisely the same line of reasoning leads us to the formula for the equivalence 
point in the titration of a weak base with a strong add 


pH = 7 - log c - y^pb 


The values for p® and ph are given for a few acids on p. 474. These last two 
equations enable one to choose the proper indicator for the titration of a weak acid 
or a weak base of which the ionization constant is known. 

The indicator chosen should change color at the pH indicated for the equivalence 
point. 

It is sometimes possible to titrate a mixture of two acids in such a way that the 
quantity of each acid present is known. This is accomplished by using two indi- 
cators. With equal initial concentrations of the two acids it is possible to titrate 
each separately with an accuracy of less than 1 per cent if the ionization constants 
are to one another as 10,000:1, or, in other words, if the difference in the ionization 
constants is at least 10“^. If there is 100 times as much of one as of the other, there 
must be a difference of 10® in the constants. Thus it is possible to titrate hydro- 
chloric acid in the presence of boric acid or hydrochloric acid in the presence of acetic 
acid. In the same way it is possible to titrate carbonate in the presence of bicarbon- 
ate; the two ionization constants of carbonic acid are 4.9 X lO"’ and 6.3 X 10~“, 
respectively. Phenolphthalein shows when the carbonate is converted into bicarbon- 
ate, and methyl orange shows when all the bicarbonate has reacted with a strong 
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acid like hydrochloric. The ionization constants of phosphoric acid are Ki — 1.1 X 
10~*, K% = 2.0 X 10“^ and Kz = 3.0 X 10“^’. Methyl orange shows when the 
first end point is reached, and phenolphthalein indicates the second. An indicator 
changing at pH 12 — 14 (trinitrobenzene) will give a fair idea of when the third 
hydrogen has all reacted, but the end point is not sharp. 

Brbnsted Definition of Acid and Base. Since the adoption of the ionization 
theory of Arrhenius in 1887, acids have been defined as substances which furnish 
hydrogen ions in aqueous solutions and bases as substances which yield hydroxide 
ions. In accordance with th’S conception, the neutralization of a dilute solution of 
acid by a base is expressed by the equation: 11 + -f OlV — > H 2 O. 

It has been known, for a long time, that the 11+ ions are not simply positively 
charged hydrogen atoms, or protons, but are hydrated just as most ions are. Under 
the Brbnsted conception special emphasis is placed upon the fact that these hydro- 
gen ions are hydrated; they are given the symbol II3O+ and called hydronium 
ions, hydroxonium ions, or oxonium ions by advocates of the system. 

Brbnsted's definition is based on the assumption that any substance can be con- 
sidered as acid if it can lose a proton. A base is a substance which can accept a 
proton. Water acts as a base when it unites with a proton to form HsO. When a 
compound behaves as an acid, it is transformed into its corresponding conjugate base 
as illustrated by the equation 

A B + 11+ 

acid base proton 

Since free protons are not present in solution, a dissolved acid will dissociate 
electrolytically only when the solvent can accept protons and act as a base. Just 
as water acts as a base to form H3O+ ions, so NH4+ ions dissolved in liquid ammonia 
have chemical properties which we regard as acidic. 

In dealing with aqueous solutions, little is to be gained by the Brbnsted formula- 
tion of acid-base equilibria with water. The mathematical treatment is essentially 
the same as when the Brbnsted theory is not used. The chief points of difference 
are the substitution of hydronium ion for hydrogen it)n and the (;hangc in the defi- 
nition of acids and bases. Sodium carbonate is a salt in the older system, but the 
carbonate ion is a base according to Brbnsted. We hjive always known, however, 
that the anions of compounds like Na 2 C 08 and NaC 2 H 302 have basic properties 
with respect to neutralizing acids, and NazCOs has been used to standardize solutions 
of acids ever since the early days of the nineteenth century. The Brrmsted nomen- 
clature is used by many modern writers who like to think of water, NH3, C2HSO2 , 
CO 3 "" as bases when they unite with 11+ ions to form HjO, undissociated acetic 
acid, carbonic acid, etc. When, in this book, we speak of hydrogen ions and write 
the symbol H+, we do so with the full realization that these ions are hydrated just 
as copper ions and most other ions are. The Brbnsted terminology is somewhat 
more complicated than that of the older and more conventional system. A student 
brought up entirely on this newer nomenclature will be confused by many statements 
in current literature and in the older writings. 

The titration of borax with hydrochloric acid can be used as an example of the 
different ways in which the underlying chemical reaction can be explained. Borax, 
according to the older nomenclature, is a salt of a strong base (NaOH) and a very 
weak acid (HsBOj). Borax dissolves in water but the acid is so weak that hydrolysis 
takes place to a considerable extent because boric acid is so weak that the B 4 O 7 
ions react with the H+ ions of water to form HsBOa, 

+ 7 H 2 O 4 H,BO, + 20H" 
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and added ions react with the OH ions to form H2O so that the final reaction 
results in the complete conversion of all B4O7 ions to H3BO3, 

B 407 *'“ + 2 H+ -f 5H2O -♦ 4H3BO8 

According to the Bronsted nomenclature, the B4O7"" ion is what is called a con- 
jugate base and reacts with HsO^ ions as follows: 

B4O7"" + 2H3O+ + 3H2O -> 4H3BO, 

There is little to choose between the two explanations because the fundamental fact 
to be explained in both cases is that an aqueous solution of Na2B407, with methyl 
red as indicator, can be titrated according to the equation 

Na2B407 + 2 HC 1 + SHjO = 2 NaCl -f- 4H3BO, 

Titration of 0.6 N Solutions of HCl and NaOH 

To prepare 1 1 of 0.5 N HCl, measure out approximately 0.5 0.012 = 

41.7 ml of 12 N HCl or 83.3 ml of 6 iV HCl and dilute to approximately 
1 1. Since the solution is to be standardized, it is unnecessary to measure 
the acid or the water accurately. Pour the acid into an ordinary glass- 
stoppered quart bottle, and fill with water up to about 2 in. from the 
bottom of the neck. It is important that enough empty space is left 
to permit thorough mixing by shaking. Stopper the bottle and shake 
for at least 2 minutes. 

Prepare 1 1 of 0.5 N sodium hydroxide by weighing out on the labora- 
tory scales about 20 g of solid sodium hydroxide. Dilute with distilled 
water to about 1 1, and mix by shaking at least 2 minutes. Since this 
basic solution attacks glass slightly and sodium silicate is a good cement- 
ing agent, it is well to use a rubber stopper in the bottle and unwise to 
use the solution in a glass-stoppered buret. 

Solutions of alkali hydroxide attack glass to form Na 2 Si 03 . The reac- 
tion takes place slowly but becomes appreciable on standing. It is well 
to heat the empty bottle carefully to about 100° on the outside, place a 
piece of paraffin in it, and rotate until the inside of the bottle is thinly 
coated with paraffin. Solutions of acid also attack glass slightly on 
standing. 

After the solutions are once mixed, the concentrations will remain 
uniform as a result of the osmotic pressure of the solutes, but there is 
always a slight loss by evaporation if the bottle is not kept stoppered. 
If a warm day is followed by a cool night there is likely to be some con- 
densed moisture on the sides of the bottle so that it is always well to give 
the contents of the bottle a slight shaking every time a fresh portion is 
taken. 

Take a plain buret that has been thoroughly cleaned with chromic acid 
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solution (cf. p. 438) and washed with water. Never allow it to remain 
empty for any length of time ; a buret that has been dry for some time 
will rarely drain well. When the buret is not in use, fill it with water, 
or with the solution which is used in it, and cap it with an inverted test 
tube. Rinse the buret with three 10-ml portions of the sodium hydroxide 
solution, emptying it each time. Discard the solution thus used. Fill 
the buret to slightly above the graduations, make sure that there is no 
entrapped air bubble in the rubber tubing at the bottom of the buret, 
which must be full of liquid, and then drain out the solution until the 
bottom of the meniscus at the upper level is exactly at 0.00 or slightly 
below. To remove entrapped air, bend the flexible tubing so that the 
tip points upward and allow a little solution to run out. In filling a 
buret, pour the reagent directly from the bottle into the buret. The use 
of a funnel or small beaker is likely to lead to error. In the same way, 
rinse out a carefully cleaned, glass-stoppered Iniret with water and with 
three separate portions of the 0.5 N acid, and fill to approximately the 
zero mark. Make sure that the bottom of the stopper is filled with liquid. 
Read each buret to the nearest 0.01 ml, and record the readings in the 
notebook (cf. p. 430 with respect to the use of blue, glazed paper). 
Measure out about 40 ml of the alkali hydroxide solution into a 200-ml 
Erlenmeyer flask, dilute with 50 ml of water, add 2 drops of methyl orange 
indicator solution and titrate with the acid until the solution begins to 
change from yellow to pink. As a rule a little too much acid will be 
added at first ; if this happens, add a little more of the sodium hydroxide 
to turn the color back to a distinct yellow. Then add the acid very 
carefully until the well-stirred solution assumes a pink tint. Read each 
buret again. 

Refill the burets and repeat the titration in the same way. Record 
the readings and compute the relative strengths according to the follow- 
ing scheme, which represents a sample page of a notebook. 
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TITRATION OF HCl vs. NaOH. OCT. 3, 1941 


Determination 

I 

II 

Final reading HCl 

48.08 

43.14 

Initial reading HCl 

0.12 

0.17 


47.96 

42.97 

Final reading NaOH 

46.29 

40.37 

Initial reading NaOH 

1.75 

0.50 


44.54 

39.87 

log ml HCl 

1.6808 

1.6332 

log ml NaOH 

1.6488 

1.6007 


0.0320 

0.0325* 

1 ml of NaOH neutralizes 

1.076 

1.077 ml HCl 


* In titrations of one solution against another and in standardizations, the logarithms of the final 
values should agree within 0.0008. This corresponds to a check in the values of 2 parts in 1000. If 
necessary, repeat the work until this agreement is obtained. 


The above procedure was made with a back titration. Sometimes it is advan- 
tageous to titrate to a dead stop end point. To do this in the titration of base with 
acid, keep the contents of the flask in constant motion, and, whqn a color change is 
apparent, close the buret and keep swirling the solution until the original yellow 
color is restored. Now add the acid more slowly, and, as the end point is approached, 
finally fidd the reagent dropwise, making sure that the yellow color is restored before 
adding a fresh drop. It is well to have for comparison a like volume of water con- 
taining the same quantity of indicator and a tiny drop of acid (0.02 ml) and end the 
titration when the two colors match. With a little practice, this dead stop end 
point can be determined as quickly and as accurately by this method as when a back 
titration is necessary because a slight excess of reagent was added, 

Standsu'dization of Acids and Bases 

There are many excellent ways in which a solution of hydrochloric acid can be 
standardized with satisfactory accuracy. The standardization can be accomplished 
gravimetrically by taking a measured volume of the acid from a pipet or buret, 
diluting with water, adding a slight excess of silver nitrate, heating to coagulate the 
precipitate, filtering, and weighing the silver chloride precipitate. Such a procedure 
corresponds to the determination of chlorine in a sample of sodium chloride. 

The acid solution can be standardized by measuring the volume required to react 
with a pure substance of definitely known chemical composition. A satisfactory 
standard is sodium carbonate prepared by heating pure sodium bicarbonate to 270°. 
Gay-Lussac recommended this method early in the nineteenth century. Other 
standards which have given good results are: calcite (Grandeau and also Pincus in 
1863) ; potassium bicarbonate (Ure, 1839) ; sodium bicarbonate (North and Blakey, 
1905); potassium bitartrate (Borntraeger, 1892), which is first converted into 
potassium carbonate by heating strongly; sodium oxalate (Sorenson, 1893), which 
is converted into sodium carbonate by ignition; and borax (Salzer and also Rimbach 
in 1893). Frequently it is convenient to standardize the acid against a solution or 
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base which has itself been standardized. This last procedure is called the indirect 
method. 

There is no good gravimetric method for standardizing a solution of sodium 
hydroxide, but numerous pure substances have been recommended as standards. 
Pure oxalic acid crystals, H2C204-2H20, were used by Fr. Mohr in 1852 , and since 
then the following are only a few of the acids or acid salts which have been advocated: 
potassium acid oxalate, KHC2O4; potassium tetroxalate, KHC204 H2C204-2H20; 
succinic acid, C2H4(C02H) 2; potassium biiodate, KH(I03)2; benzoic acid, CftH5C02H; 
potassium acid phthalate, KHC8H4O4. An indirect method of standardizing sodium 
hydroxide solution is the titration against a solution of acid which has been stand- 
ardized. 

Standardization of Acid against Sodium Carbonate, Na 2 C 03 

Preparation of the Standard. If pure sodium bicarbonate is not 
available, dissolve about 35 g of the commercial product in 350 ml of 
warm water and filter off any insoluble residue. Allow the water to 
evaporate slowly at a temperature not above 40° until about 25 g of 
salt has deposited. Protect the solution from contamination by dust by 
covering it with a watch glass supported upon a glass triangle or glass 
supports. Finally pour off the mother liquor; dry the crystals by 
pressing them between filter papers and by heating for an hour at 120°, 
Preserve the pure sodium bicarbonate in a glass-stoppered bottle. 

Place about 8 g of pure sodium bicarbonate in a platinum or porcelain 
crucible and heat for 30 minutes at a temperature of about 270°, taking 
care that the temperature does not rise above 300°. The heating can 
take place in an electric oven, a sand bath, or an air bath. 

If a sand bath is used, embed the crucible so that the sand on the 
outside is level with the sodium bicarbonate on the inside. Occasion- 
ally stir the contents of the crucible with a 360° thermometer. After 
heating the crucible for half an hour, allow it and its contents to cool in a 
desiccator over calcium chloride or other suitable desiccant. Preserve 
the sodium carbonate in a glass-stoppered weighing bottle. If exposed 
to the air or kept in a cork-stoppered bottle it soon absorbs water from 
the atmosphere and becomes worthless as a standard. 

Standardization. To standardize 0.5 N hydrochloric acid, weigh out 
two separate portions of about 1 g of sodium carbonate and record the 
weight to the nearest tenth of a milligram. The best way to do this 
is to place a little more than 2 g of the standard in a glass-stoppered 
weighing tube. Weigh this tube and its contents and record the weight 
after counting the missing places in the box of weights. Check this 
value by counting the weights on the pan. Every student is likely to 
make a mistake in recording a weight, but he will almost always notice 
the mistake if he habitually checks his observations. Take the weighed 
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tube, remove the stopper, and pour out approximately the desired quan- 
tity of the sodium carbonate into an Erlenmeyer flask. Replace the 
stopper, and weigh again. If necessary, add more of the substance to 
the contents of the beaker. 

A substance to be used in an analysis should never be weighed out on paper. If 
the substance is hygroscopic or deliquescent it should not be weighed on a watch 
glass. Many chemists are accustomed to weigh out ores on watch glasses, but the 
beginner will make fewer mistakes if he follows the procedure just outlined. For 
weighing samples of more than 0.5 g, metal weighing pans adjusted so that they 
weigh almost exactly 10.000 g can now be purchased and have proved satisfactory. 


STANDARDIZATION OF HCl vs. Na.COs 



1 

11 

Sample 

12.4728 

11.6484 


11.6778 

10.9040 


0.7950 

0.7444 

HCl Last reading 

33.34 

33.77 

First reading 

0.02 

0.03 


33.. 32 

33.74 

NaOH Last reading 

0.14 

2.66 

First reading 

0.00 

1 ml NaOH 

0.14 


= 1.076 ml HCl 0.14 

2.52 

ml NaOH X 1.076 

0.15 

2.71 

Total HCl 

33.32 

33.74 

Excess HCl 

0.15 

2.71 

Net HCl 

33.17 

31.03 


m.e. NaaCOs 



= 0.05300 


log sample 

9.9004 

9.8718 

pnlog nf»t HCl 

8.4793 

8.5082 

colog 0 . 05300 

1.2757 

1.2757 


9.6554 

9.6557 

JVHCl 

0.4923 AT 

0.4926 A 


A small spatula or palet knife should be used for transferring or removing the pow- 
der to the pan and a small camel's-hair brush is necessary to remove the last traces 
of powder from the pan to the flask. Record the data as indicated above. 


Dissolve the weighed portions of pure sodium carbonate in about 100 
ml of distilled water, add one or two drops of methyl orange indicator 
solution, and titrate as described on p. 479. 
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Compute the concentration of the hydrochloric acid as indicated on 
p. 482, and from the value obtained compute the concentration of the 
sodium hydroxide solution as shown on p. 455. The equivalent weight 
of sodium carbonate is 53.00. 

Gravimetric Standardization of Hydrochloric Acid 

Measure out 10.00 ml of 0.5 N HCl with a tested pipet which has been 
cleaned with chromic acid mixture (p. 442) and rinsed with water and 
then three times with the 0.5 N HCl. In emptying the pipet into a 
250-ml beaker, do not blow through it but touch it to the side of the 
beaker after the pipet has been emptied and a drop of liquid is left at the 
tip. Do not wait for a second drop to form. Dilute with about 100 ml 
of water, add 30 ml of 0.1 N AgNOa, and heat carefully to gentle boiling. 
Stir occasionally, and continue heating with stirring until the AgCl 
precipitate coagulates, leaving a nearly clear supernatant solution. 
Filter and weigh as described for the gravimetric determination of chlorine 
in a chloride, p. 291. 

Standardization of acid with l)orax has been recommended strongly. Most 
samples of borax are not sufficiently pure to use directly, and the Na2B4O7-10H2O is 
likely to effloresce into Na2B407'51l20. The sample must be re(*ry stall! zed from 
water, preferably twice, and dried over deliquescent NaBr ‘2H20 in a desiccator. 
In this way a relative humidity of about 60 per cent prevails in the air above the 
borax. Borax has the advantage of a large etjuivalent weight (190.7 as compared 
with 53 for Na2C03), and the titration is accurate. One molecule of borax reacts 
with two of HCl to a methyl red end point. 

Na2B4O7*10H2O + 2HC1 + SHzO = 2NaCl + 4H3BO, 

Sodium oxalate is another excellent standard. The weighed sample (equivalent 
weight 67) is heated very carefully over an alcohol flame, or in an electric oven at 
about 300°, until the Na2C204 is converted into Na2C03. It is not so important to 
keep the temperature below 270° as it is with NallCOa, for since the Na2C204 was 
weighed, it makes no difference if a little Na20 is formed which reacts with the same 
quantity of HCl as Na2C03 does. The sample usually chars, but the deposited 
carbon does no harm. 

An interesting method of standardizing acid is based on the reaction 
10," + 51" + 6H+ 3I2 + 3H2O 

The weighed sample of KIOs (equivalent weight 35.67) or KH(IOi)2 (equivalent 
weight 35.45 in this case only) is dissolved in a solution which contains excess 
KI and sufficient Na2S208'5H20 to react with the liberated I2: 

2S2O8 4 " Ij S4O3 4 “ 21 

The liberated iodine, therefore, does not color the solution, and, after enough acid 
has been added to decompose all the iodate, further addition of acid will cause the 
color change of an indicator such as methyl yellow, methyl orange, or bromocresol 
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green. In the case of the KH(I03)3 the standardization is based on the reaction 
11(103)2“ + IIH'*’ 4- 101" — ♦ 6I2 -f 6H2O and deven moles of H'*" are neutralized. 

Potassium biiodate (also called potassium acid iodate or potassium hydrogen io 
date) is a fairly strong acid with ionization constant 1.9 X 10"\ It can be used, 
therefore, for the direct standardization of alkali hydroxide solutions, and, since it 
can be obtained very pure, it can be regarded as one of the most useful standards for 
acids, bases, or sodium thiosulfate (see “ lodimetry In the absence of iodide, 
the equivalent weight is 195.0. 

Mercuric oxide, HgO (equivalent weight 108.3), has also been recommended. 
The weighed oxide is dissolved in an excess of KI solution, and the liberated OH" 
is titrated with an acid in the presence of an indicator that changes color between 
pH 8 and 4. 

HgO + 41" + HaO Hgl*"" + 20H' 

Standardization of Sodium Hydroxide 

(a) With Potassium Add Phthalate^ KUCsH^Oi 

This substance, because of its high molecular weight, is particularly well suited 
for the standardization of dilute solutions of sodium hydroxide. To standardize 
0.1 N sodium hydroxide, about 1 g of the salt should be taken, as this is sufficient 
to neutralize 49 ml of the base. Phenolphthalein is a suitable indicator, but reliable 
results cannot be obtained with methyl orange. The chief difficulty that students 
have in working with phenolphthalein arises from the fact that the sodium hydroxide 
absorbs a little carbon dioxide from the air every time the storage bottle is opened, 
unless care is taken to prevent it. This can be accomplished by pumping the sodium 
hydroxide into the buret, or by siphoning it from the storage bottle, in such a way 
that all air that enters the bottle has to pass through a tube containing soda-lime 
(Ca(OH)2 + NaOH) or Ascarite (a patented preparation of asbestos fibers impreg- 
nated with sodium hydroxide). Keeping the solution under a layer of gasoline is 
effective also. Every molecule of carbon dioxide that combines with two molecules 
of sodium hydroxide to form sodium carbonate yields a product that reacts only 
with one molecule of hydrogen chloride in the cold because the sodium bicarbonate, 
which is formed when one molecule of hydrochloric acid acts on one molecule sodium 
carbonate, is neutral to phenolphthalein. The resulting error can be overcome by 
boiling the acid solution to expel carbon dioxide and repeating the process if the 
phenolphthalein color of the neutralized solution is discharged by heating. If the 
ratio of acid to base has been determined with methyl orange as indicator, the 
presence of carbonate in the sodium hydroxide will be detected by determining the 
ratio with phenolphthalein as indicator. The sodium hydroxide solution will prove 
weaker when phenolphthalein is used if it contains carbonate and the titration is 
carried out in the cold. 

Procedure. To standardize 0.5 N sodium hydroxide, weigh out 
2.5- to 3.0-g portions of potassium acid phthallate into 200-ml Erlen- 
meyer flasks. Record the weights to the nearest milligram. Add 100 
ml of water to each portion and shake gently until all the solid has dis- 
solved. Add 3 drops of phenolphthalein solution and titrate till a 
pale pink color is obtained. Heat the solution to boiling; if the color 
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fades, add more of the sodium hydroxide solution until the color persists 
after boiling for 30 seconds. Record the data as shown on p. 482. The 
equivalent weight of potassium acid phthalate Ls the molecular weight, 
204.1. Compute the normal concentration of the base, and, from the 
ratio of acid to base previously found, compute the normal concentra- 
tion of the hydrochloric acid solution as well. 

For the most accurate work, the solution of sodium hydroxide must be prepared 
free from carbonate, the water used for dissolving the standard must have been 
recently boiled to remove carbon dioxide, the titration must take place in a flask 
which has been swept free from carbon dioxide by passing through it a stream of air 
that has been made to flow through granular soda-lime or Ascarite, and a blank test 
must be run under the same conditions to see how much sodium hydroxide would 
have been used if no potassium acid phthalate had been present. The volume used 
in the blank test must be deducted from that used in the standardization. 

(6) With Benzoic Acid 

Weigh out 1.5- to 2.0-g portions of the pure acid into 200-ml flasks, 
and record the weights to the nearest milligram. Add 40 ml of alcohol, 
stopper the flask, and allow to stand until all 
the acid has dissolved. Add 3 drops of phe- 
nolphthalein indicator, dilute with water to 
100 ml, and titrate with the 0.5 N sodium 
hydroxide. When a slight pink color is 
obtained, heat the solution and see if the 
color disappears. If so, add more sodium 
hydroxide until the color is not bleached by 
boiling for 30 seconds. Run a blank test with 
the same quantities of water and alcohol, and 
deduct the volume of sodium hydroxide re- 
quired in this test from the total volume 
used in the standardization. 

Everything that was said under (a) concerning 
the effect of carbon dioxide is true here. Sodium 
hydroxide free from carbonate can be prepared 
by adding about 20 ml of 0.5 N barium chloride 
to the sodium hydroxide solution. Allow the pre- 
cipitate of barium carbonate to settle; stopper the 
bottle with a two-hole rubber stopper carrying a 
short right-angled tube attached to a soda-lime 
tube through which air can enter the bottle and 
also carrying a siphon tube reaching nearly to the 

bottom of the bottle. Then place the bottle on a . , a 

shelf above the buret and siphon the solution into the buret as required. See 
Fig. 81. The valve at a is made by a round bead in the rubber tubing. 
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(c) With Constant-Boiling Hydrochloric Acid^ 

Set up a distilling apparatus with a liter flask and a water-cooled 
condenser. * Place in the flask about 750 ml of approximately 6 N HCl 
and distil at the rate of 3-4 ml per minute. After about three- 
quarters of the original liquid has been distilled and rejected, collect 
the constant-boiling acid in a dry flask. Continue distilling until only 
50-60 ml of liquid remains in the distilling flask. Preserve in a 
glass-stoppered bottle. Read the barometer to the nearest millimeter. 
The exact composition of the liquid varies slightly with the barometric 
pressure that prevails during the distillation, as the following table shows. 


Atmospheric Pressure Weight of IICI in 
IN Millimeters of Mercury 1 g of Distillate 


M I lli equivalents 
per Gram of Distillate 


780 0.2018 5.536 
770 0.2020 5.543 
760 0.2023 5.550 
750 0.2026 5.556 
740 0.2028 5.563 
730 0.2030 5.569 


Each millimeter difference in barometric pressure corresponds to about 
0.02 mg in the actual HCl content of 1 g of the acid. The value for 
any intermediate pressure can be interpolated with an accuracy of 
1 part per 1000 or better. 

To use the acid for standardizing 0.5 N NaOH, weigh a clean and dry 
glass-stoppered weighing tube to the nearest 0.1 mg, add 3-4 ml of the 
constant-boiling acid, weigh the tube again, and transfer to a 200-ml 
Erlenmeyer flask by washing the tube thoroughly with a stream of water 
from a wash bottle. Dilute to about 100 ml, add methyl red or methyl 
orange indicator solution, and titrate to the color change. 

The acid can also be weighed from a weight biiret such as that shown 
in Fig. 79, p. 446. It can be used for preparing standard solutions by 
diluting a weighed portion to the mark in a volumetric flask and mixing. 


Normal Hydrochloric Acid 

1000 ml contains 36.47 g of HCl 

Dilute pure, concentrated hydrochloric acid of the laboratory with 1 1 
volumes of water. In this way a solution is obtained that is slightly 
more than normal in strength. To obtain an exactly normal solution, 
titrate it against a weighed amount of chemically pure sodium car- 

^Foulk and Hollingsworth, J. Am, Chem, Soc., 45, 1220 (1923); Hulett and 
Bonner, ibid., 31, 390 (1909); Bonner and Branting, ibid., 48, 3093 (1926). 
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bonate, and from the result obtained compute the volume of water to be 
added. Constant-boiling hydrochloric acid v.tin be used more ad- 
vantageously (see p. 486). 

In the standardization of any volumetric solution it is advisable to 
take a weight of substance such that the titration can be accomplished 
with one filling of the 50-mI buret and heavy enough so that the nor- 
mal titration error will not amount to more than 0.001 of the total 
volume of standard solution used. This is accomplished by taking 
enough substance to react with 35-40 ml of the solution to be stand- 
ardized. It is always well to run a blank with the water iLsed, to see 
how much of the solution is required to give an eiul point similar to 
that used in the analysis. The blank titration should have the same 
volume of water, the same amount of indicator, and the same tempera- 
ture as the main solution, and in working with methyl orange it is best 
to match the shades. 

To standardize the acid, proceed as directed on pp. 481-484. Of pure 
sodium carbonate, use about 2 g for a normal solution; add 100 ml 
of water and 2 drops of methyl orange indicator solution. Start the 
titration at approximately the zero reading of the buret. Record the 
reading in the notebook, estimating to the nearest hundredth of a 
milliliter. Titrate slowly with constant stirring until the color changes 
from yellow to orange. With a little practice it is easy to tell when the 
end point is nearly reached by the fact that a pink color is produced 
which fades slowly on stirring. Finally, at the right end point, the 
color changes from yellow to orange throughout solution. It is ad- 
visable to match the color with that obtained by adding the indicator 
solution to pure water and adding just enough acid to give an orange 
tint to the solution. 

If the end point is overstepped, add enough standard sodium hy- 
droxide (p. 489) to restore the yellow color and finish with acid again. 
Titrate the sodium hydroxide against the acid as descrilx^d on p. 479. 

Computation. If no sodium hydroxide is used the computation is very simple. 
By definition, 1 ml of normal acid reacts with 1 milliequivalent of sodium carbonate 
(molecular weight 106.05), or 0.05303 g of NajCOs. To find the ratio to the normal, 
or normality of the acid, it is only nece.ssary to find out how much sodium carbonate 
was actually neutralized by 1 ml of the acid and divide this value by the milliequiva- 
lent, or norm, of sodium carbonate. 

Thus if t ml of acid was required to neutralize s g of sodium carbonate, the solu- 
tion is normal. 

t X 0.06303 

If the end point was overstepped it is necessary to know the relative strengths of 
the acid and base used in the titration. Assume that by titration it was found that a 
ml of HCl = 6 ml of NaOH. 
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Then 1 ml NaOH = ^ ml of HCI. 

0 


If, in the titration of s g of sodium carbonate, 


p ml of HCI and g ml of NaOH were used then t 


p — - q and the above equation 
0 


holds. If N A is the normality of the acid, N a X r = Nb, the normality of the sodium 

0 

hydroxide. 

When many analyses have to be made as a part of the routine work of a commercial 
laboratory it is convenient to make the solutions of acid and base of exactly the same 
strength and to keep the solutions always exactly normal, or 0.1 N, or 0.5 N as the 
case may be. Since it is not practical to concentrate a large volume of solution to a 
definite volume by evaporation it is advisable to make up the solution so that it is a 
little stronger than desired. If N is the desired normality and N' the normality of 

N' 

the solution as first made up, then the solution is — as strong as desired and should 
be diluted accordingly. 

Thus if the solution is 1.023 N it is only necessary to add 23 ml of water to each 
liter of solution to make it 1 N; if it is 0.5012 iY, add 1.2 ml of water to each 500 ml of 
solution to make it exactly 0.5 N. Measure out the solution in a measuring flask 
calibrated for delivery and add tlie required volume of water from a buret. 

Place a label on each standard reagent and write on it the normal concentration 
with 4 significant figures and the date that the standardization was made. This is 
desirable because solutions often change on standing as a result of evaporation, of 
the action of the reagent on the glass container, or of decomposition as a result of 
impurities present. 

For most purposes a normal solution is too strong, and 0.1 or 0.5 N solutions are 
more commonly used. Prepare these in exactly the same way but by using corre- 
spondingly smaller quantities of reagents. In titrating with 0. 1 N solutions it is quite 
necessary to make allowance for the acid or base required to react with the indicator 
and important to keep all (conditions the same, such as temperature, volume, and 
quantity of indicator used in duplicate titrations. Alkaline solutions should not be 
used in burets with a glass stopcock. 

All volumetric titrations should be carried out in duplicate. Burets should be rinsed 
with at least three lO-rnl portions of the liquid before being filled. They must be 
kept clean so that no drops form on the sides as they drain. In using measuring 
flasks they should also be well cleaned (see p. 437), and when used as above, they 
should be rinsed with at least three 25-ml portions of the liquid before being filled. 


Normal Nitric and Sttlfuric Acid Solutions 


These are prepared in the same way as was described in the prepa- 
ration of normal hydrochloric acid. 


0.1 N Oxalic Acid 


KXX) ml contains 


H,C, 04 - 2 Ha 0 

20 


126.06 

20 


6.303 g 


An oxalic acid solution of this strength can be prepared by dissolving 
exactly 6.303 g of pure, crystallized oxalic acid in water and diluting 
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to a volume of 1 1 in a calibrated flask with water at the laboratory 
temperature (cf. p. 453). Titration with this acid should be made with 
phenolphthalein as indicator. 

Nonnal Sodium Hydroxide Solution 

1000 ml contains 1 NaOH = 40.01 g 

Dissolve about 45 g of commercial caustic soda in a little more 
than a liter of water. Allow the solution to stand for about 1 hour 
beside the hydrochloric acid against which it is to be titrated, in order 
that both solutions may be at the same temperature. Measure off 
about 40 ml of the solution from a buret, and titrate with normal hydro- 
chloric acid after the addition of 2 drops of methyl orange solution. 
The necessary computation was indicated on p. 455. The solution can 
be standardized directly (p. 484). 

Titration of Alkali Containing Carbonate with Phenolphthalein 
in Hot Solutions 

To the alkaline solution introduce 2 drops of phenolphthalein in- 
dicator and add, from the buret, hydrochloric acid of approximately 
the same strength until the red color disappears. Heat the solution 
to boiling; the red color soon reappears. Cool by placing the beaker 
in cold water,‘ again decolorize with hydrochloric acid, and repeat the 
process until finally the red color does not reappear on boiling. This 
method of titration is tedious, but the results obtained are accurate. 

On titrating 0.1 acids with methyl onmge as indicator, there is 
no sharp change from yellow to pink, as with normal and half-normal 
solutions, but first a brownish orange color is obtained which becomes 
pink on the addition of more acid. The correct end point is the change 
from yellow to yellowish brown. Only when considerable carbonate is 
present will this change occur before enough acid has been added, for 
in this case the carbon dioxide exerts an action upon the methyl orange. 
The disturbing action of carbon dioxide is best prevented by first 
titrating in the cold, then heating to remove the carbon dioxide, again 
titrating the cold solution with acid. If only a small amount of car- 
bonate is present, it exerts no appreciable effect upon methyl orange. 

The titration of oxalic acid with alkali hydroxide solution which con- 
tains carbonate is best effected with phenolphthalein in hot solution. 
The process is carried out as follows: Measure out about 40 ml of the 
sodium hydroxide into a beaker, add 2 drops of phenolphthalein, and 

1 With phenolphthalein the titration can be finished in the hot solution, but the 
end point is not so sharp. 
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run in oxalic acid from a buret until the solution is decolorized. Heat 
the solution upon the water bath until the red color reappears, decolor- 
ize with oxalic acid, and continue the process until finally the color does 
not reappear on heating the solution. This point is reached, however, 
only after the solution has been evaporated to dryness and the residue 
taken up with a few milliliters of distilled water. A slight red color will 
appear after this first evaporation, but it will be discharged by the frac- 
tion of a drop of oxalic acid and will not reappear upon a second evapo- 
ration. 

Remark. By heating the solution of oxalic acid over a free flame there is likely 
to be some decomposition. Sorensen thought that the trouble was caused by the 
following hydrolysis, 2Na2C20i + H 2 O = Na 2 C 03 + 21IC02Na + CO 2 , but Tread- 
well showed that the following reaction takes place when the sides of the containing 
vessel are overheated, Na 2 C 204 = Na 2 C 03 -h CO. 

Preparation of Sodium Hydroxide Solution Free from Carbonate 

This is best effected as proposed by Kuster.' Place about 40 ml of 
pure alcohol in a small round-bottomed flask, heat to boiling on the 
water bath, and add little by little 2.5 g of bright metallic sodium, 
freed from petroleum by rubbing between pieces of blotting paper. 
The reaction between the boiling alcohol and the sodium is at first 
very violent, and large amounts of hydrogen and alcohol vapors are 
evolved. During this time keep the flask covered with a watch glass.j 
Gradually the reaction begins to diminish and finally stops. In the 
flask there will be a deposit of sodium alcoholate and some undissolved 
sodium on account of the insufficient amount of alcohol. Add small 
quantities of water free from carbon dioxide, ^ a test tube full at a time. 
Boil off most of the alcohol and, in order to remove it completely, pass 
a current of air free from carbon dioxide through the solution until 
the odor of alcohol can no longer be detected. Cool quickly, adding 
cold water free from carbon dioxide; immediately place in a liter flask, 
and dilute to the mark with pure water at 17-18®. This solution will 
give the same value when titrated with cold or with hot phenolphthalein.® 
With methyl orange correct results are obtained cold if the orange color 
is taken as the end point. 

Such a solution quickly absorbs carbon dioxide from the air. In 
order to prevent this, place it in a bottle as shown in Fig. 81, p. 485, 

^ Z. anorg. Chem., 13 , 134 (cf. p. 485). 

* Pass air, freed from carbon dioxide by a soda-lime tube, through the boiling 
water. 

* Provided that the hydrochloric acid solution was prepared with water free from 
carbonate; otherwise too little acid will be necessary when the titration takes place 
in the cold. 
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which is connected with a soda-lime tube, AT, and with the buret by 
means of the tubes p and r. The buret is filled through the valve at a. 
In this way a solution can be kept free from carbon dioxide for a long 
time. To determine whether the solution is free from carbonate, make 
two parallel titrations with phenolphthalein as an indicator, one in the 
cold and the other in the hot solution. If the results agree the solution 
is free from carbonate. Otherwise it is necessary to prepare a fresh 
solution or to make a corresponding correction in each analysis after 
determining the amount of carbonate present as described on p. 498. 

In many cases it is better to use a 0.1 N barium hydroxide solution; 
as long as it remains clear it is free from carbonate. 


Preparation of 0.1 AT Barium Hydroxide Solution 


1000 ml contains 


B a(QH)2 -f 8H2Q 
20 


315.51 

20 


15.78 g 


The crystallized barium hydroxide of commerce always contains 
barium carbonate, so that the solution cannot be prepared by simply 
weighing out the necessary quantity and diluting to 1 1. Dissolve 
about 20 g of the commercial hydroxide in the necessary amount of 
distilled water within a large flask. Close the flask and shake until the 
crystals have completely disappeared and a light, insoluble powder of 
barium carbonate remains. Allow the solution to stand for 2 days, 
until the barium carbonate has completely settled; siphon it off into a 
bottle through which a current of air free from carbon dioxide has been 
passed for 2 hours previous. Connect this bottle with a soda-lime tube 
and with a buret as shown in Fig. 81, p. 485. For the titration, place 50 
ml of 0.1 A/^ hydrochloric acid in an Erlenmeyer flask, add a little phenol- 
phthalein, and titrate with the barium hydroxide solution. The nor- 
mality found should be written upon the label. It is not advisable 
to make the solution exactly O.I A, for it usually becomes turbid on 
diluting. 


A. Alkalimetry 

1. Determination of Alkali Hydroxides 

Rule. If the substance to be analyzed is a solid, dissolve an ac- 
curately weighed quantity in enough water to make the solution of 
about the same concentration as that of the acid to be used in the 
titration. If a solution of an alkali hydroxide in water is to be ana- 
lyzed, determine the specific gravity of the solution, then dilute accord- 
ingly. 
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(a) Determination of Sodium Hydroxide in Commercial 
Caustic Soda 


For the titration 0.5 N hydrochloric acid solution can be used. As 
sodium hydroxide absorbs carbon dioxide from the air it is difficult to 
get a good sample. Place the material in a weighing beaker and weigh 
out a sample of 4-6 g into a liter measuring flask. Dissolve in water 
that has been freed from carbon dioxide (p. 490), and dilute the cold 
solution up to the mark. Mix, measure out 100-ml aliquot portions 
for the titration with methyl orange as indicator. 

Computation. If 5.001 g were taken for analysis and in the titration 
of the aliquot 24.18 ml of 0.5 N acid were used, the percentage purity 
of the sample can be computed as follows : 

I ml of 0.5 N HCl = 0.02000 g NaOH (NaOH = 40.01) 


Therefore, 


24.18 X 0.02000 X 100 
0.5001 


= 96.72 per cent NaOH 


In this particular case, note that the volume of HCl solution used is 
exactly one-fourth the percentage of pure NaOH present. This is 
because the weight of sample in the aliquot (0.5001 g) was 25 times 
the value of 1 ml of 0.5 N acid in terms of NaOH. The practice of 
using an original weight such that the final computation can be done 
mentally is very common in commercial work. 


(h) Determination of Sodium Hydroxide Present in Caustic 
Soda Solution 

Assume that caustic alkali solution of d 1.285 is to be analyzed. A 
table in the back of this book shows that the solution should con- 
tain 25.8 per cent of NaOH by weight. One milliliter of solution should 
contain 1.285 X 0.258 = 0.3315 g NaOH. 

If it is desired to know the percentage by weight of sodium hydroxide 
(or its equivalent, as base) present, weigh out about 3 g of solution into 
a small beaker, add 50 ml of water, and titrate with 0.5 N acid, using 
methyl orange as indicator. 

If it is desired to know the weight of NaOH per milliliter, measure out 
25 ml of the caustic soda solution, dilute with water at the laboratory 
temperature to 1000 ml, mix, and use 100 ml for the titration. 

Remark. The titration of alkali hydroxides with methyl orange as an indicator 
will only give correct results when the alkali hydroxide is free from carbonate, which 
with commercial material is never the case. The above results are too high, for 
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they represent the total amount of alkali, i.e., the amount of NaOH + NajCOj, 
though the latter is expressed in terms of NaOH. For an accurate determination 
of alkali hydroxide in the presence of alkali carbonate, see p. 498. 

(c) Determination of Ammonia in Aqueous Ammonia 

The procedure is the same as under (6). 

(d) Determination of Ammonia in Ammonium Salts 

Weigh out 1 to 2 g of the ammonium salt in the flask K (Fig. 82, 
p. 494), dissolve in about 200 ml of water, and treat with 10 ml of a 
boiled solution of 10 per cent caustic soda. Distil until no more NH3 
is being evolved, as shown by testing 10 ml of the last distillate with 
litmus or turmeric paper, and receive the distillate in a known volume 
of 0.5 N acid in the receiver F or in a saturated solution of boric acid, 
as described on p. 494. In the latter case the boric acid prevents vol- 
atilization of NH3 from the receiver but it is too weak an acid to affect 
the indicator in the following titration. Titrate the excess of acid 
with 0.5 N caustic alkali, in the presence of methyl orange or methyl red 
as an indicator if a known volume of mineral acid was used in the re- 
ceiver, or titrate the ammonium borate with 0 5 iV HCl if boric acid was 
used 

Computation. 17.03 g of commercial ammonium sulfate was dis- 
solved in 500 ml of water and one-tenth of the solution (1.703 g) placed 
in the flask. The distillate was caught in 60 ml of 0.5 N HCl and the 
excess of acid reacted with t ml of 0.5 N NaOH. Since the equivalent 
weight of NH3 is 17.03 there is present 

(60 - 00.008515 X 100 60 - C ^ 

1.703 2 

Kjeldahl Method. The Kjeldahl method for determining nitrogen in organic 
substances consists in converting the nitrogen into ammonium acid sulfate while 
decomposing the organic matter with boiling sulfuric acid and some catalyzer. For 
student work when the class is large, a sample of blood meal mixed with flour is suit- 
able for this analysis. 

After the organic matter has been decomposed completely, the solution is made 
alkaline with sodium hydroxide, liberating ammonia which is distilled into a measured 
volume of standardized acid solution or into boric acid solution. The excess of the 
standardized acid is finally titrated with standard sodium hydroxide with methyl red 
as an indicator or the ammonium borate is titrated directly with standard acid 
(cf. p. 469). One milliliter of normal acid neutralizes 0.014 g of nitrogen in the form 
of ammonia. 

The method has undergone much modification from time to time in order to include 
in the results nitrogen which is not easaly reduced to ammonia. Thus to include 
nitrogen present as nitrate it is customary to add 0.04 g of salicylic acid for each 
milliliter of concentrated sulfuric acid used. 
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To test for nitrate in the presence of organic matter, heat a little of the sample 
with 10 ml of water. Place 1 ml of concentrated sulfuric acid in a porcelain crucible 
and dissolve in it 2-3 mg of carbazole (diphenylimide, C6H6-NH C«H6). Add, with 
stirring, a little of the aqueous solution to be tested for nitrate; a deep green color 
shows the presence of nitrate (disregard a slight coloration). If nitrate is present, 
digest the sample with 30 ml of concentrated sulfuric acid containing 1 g of salicylic 
acid. Mix by shaking, and allow to stand 30 minutes. Then add in small portions 
5 g of powdered Na2S208-5H20 and heat 5 minutes. Cool under running water, add 
the catalyzers, and continue as in the absence of nitrate. 

Procedure. Weigh out 0.35 to 3.5 g of finely ground substance into 
a 500-ml Kjeldahl flask,' add 10 g of powdered potassium sulfate, 0.2 g 
selenium, and 20 to 25 ml of concentrated sulfuric acid. Shake to mix 
the contents of the flask ; place over a hole in an asbestos board on the 
ring of a lamp stand with the flask inclined at an angle of about 60®. 
Heat below the boiling point until there is no more frothing, adding a 
little parafldn wax if the frothing is violent. Take care to use a small 

flame protected by the asbestos 
board so that the flame does not 
touch the flask except where the in- 
side is wet with acid. Gradually in- 
crease the heat until the decomposi- 
tion is complete and the solution is 
nearly colorless. Boil gently for 
about 30 minutes, allow to cool, and 
connect with another flask and a 
condenser through a splash trap as 
shown in Fig. 82. The flask on the 
right contains water from which 
steam is generated. When heated in 
this way the solution in the other 
flask can be boiled without bumping. 
The side-armed distilling flask shown 
between the flask and the condenser 
acts as an efficient splash trap and 
prevents any spray containing 
NaOH from being carried over 
mechanically into the receiver. In 
the receiver (a 250-ml Erlenmeyer flask) place 50 ml of 5 per cent 
boric acid solution. Dilute the H2SO4 solution with about 200 ml 


‘ Kjeldahl flasks can be obtained which are suitable both for the original digestion 
with the acid and for the subsequent distillation. If a smaller Kjeldahl digestion 
flask is used, rinse the solution into a larger flask before adding the sodium hydroxide 
to make the solution alkaline. 
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of water, poured through the funnel of the flask, and add sufficient 
12 N NaOH to make the solution basic (80 ml should be sufficient). 
Distil over about 150 ml of liquid by boiling the water in the flask shown 
on the right. This boiler should have a safety tube extending from the 
bottom of the flask to at least a foot above the neck. The boric acid in 
the receiver helps to retain the NH3, but the acid is so weak that the 
ammonium borate formed titrates exactly as if it were free ammonia. 
After the distillation, remove the receiver, wash down the condenser 
tube, add the washings to the contents of the receiver, and titrate with 
standard HCl solution to a methyl red or better bromocresol purple end 
point. The equivalent weight of N = 14. NHa 4- ^ or 

(NH4)2B407 4- 2H+ 4- 5H2O -> 2NH4+ 4- 4H8B08 

(e) Titration of Pyridine Bases^ 

1000 ml N acid = CsILN = 79.05 g pyridine 

The pyridine bases are so weak that they cannot be titrated with 
ordinary indicators. If, however, an aqiieous pyridine solution is 
treated with an aqueous solution of ferric chloride, the iron is precipi- 
tated as ferric hydroxide: 

FeCU 4- 3C5H5N 4- 3HOH = 3(C5ll5N, HCl) 4- Fe(OH)3 

If normal sulfuric acid is very carefully added with constant stirring 
until the precipitate redissolves, each milliliter of the acid required 
C H N 

will correspond to = 0.07005 g pyridine. 

1000 

Procedure. Dissolve 5 ml of pyridine in 100 ml of water, treat 
25 ml of the resulting solution with 1 ml of 5 per cent aqueous ferric 
chloride solution, and titrate the precipitate of retidish brown ferric 
hydroxide with normal sulfuric acid until completely dissolved. 

2. Determination of Alkali Carbonates 

Alkali carbonates can be titrated in the cold by using methyl orange 
as an indicator, the end point being taken as the change from yellow 
to reddish orange. When fifth-, half-, and nonnal acids are used this 
is the correct end point, but with tenth-normal acids this change is 
obtained a little too soon, for large amounts of carbonic acid exert a 
slight action upon the indicator. In this case the difficulty is best 
overcome by titrating the solution until the orange color is obtained. 


» K. E. Schulze, Ber., 20, 3391 (1887). 
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then heating to boiling to expel the carbon dioxide, cooling, and again 
titrating until the now yellow solution becomes orange again.^ With 
phenolphthalein, accurate results may be obtained by titrating the hot 
solution (cf. p. 489). According to Warder,^ sodium bicarbonate solu- 
tion reacts neutral toward phenolphthalein in the cold, so that when 
a sample of sodium carbonate is titrated in the cold, with phenolphthal- 
ein as an indicator, an end point is obtained when the carbonate is 
changed to bicarbonate 

Na 2 C 03 + HCl = NaCl + NaHCOs 

If the acid is allowed to run upon the carbonate solution, a part of 
the carbon dioxide from the sodium bicarbonate is likely to be lost, 
so that too much acid must be added before the end point is reached. 
On the other hand, correct results may be obtained if the titration is 
carried out slowly at 0® in the presence of NaCl (cf. p. 472) and with 
the solution gently and continuously stirred to prevent local concen- 
tration of the acid. This is important, for in this way a convenient 
method is obtained for determining the amount of hydroxide in the 
presence of carbonate. 


Analysis of Soda Ash 

Soda ash is the trade name for anhydrous sodium carbonate. The following 
procedure is applicable to the analysis of any alkali carbonate. It can also be used 
for an alkaline-earth carbonate but then it is necessary to add an excess of acid and 
titrate back with sodium hydroxide solution. As we have seen in the discussion of 
indicators, carbonic acid is such a weak acid that it has practically no effect upon 
methyl orange. The primary ionization of carbonic acid, however, furnishes hydro- 
gen ions sufficient to make phenolphthalein assume its colorless form. With methyl 
orange as indicator, sodium carbonate, Na 2 COs, can be titrated as if it were two 
molecules of sodium hydroxide, both stages of the following decomposition taking 
place before the solution is acid to methyl orange: 

CO,— -f H+ HCO,- 
HCO," + H+ HjO -f- CO, 

With phenolphthalein in the cold, an end point is obtained when the first stage only 
has taken place. 

With an insoluble alkaline-earth carbonate, on the other hand, the carbonate 
does not begin to dissolve until the solution is more acid than corresponds to the 

' Kiister recommends that, in ’ titrating carbonates with methyl orange, a blank 
experiment be made to see how much effect an equal amount of water saturated 
with carbon dioxide has upon the same amount of indicator solution. (Z. aruirg. Chent.^ 
18, 140.) 

* Z. anal. Chem., 21, 102 (1892). 

• Z. anorg. Chem., 18, 140. 
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phenolphthalein end point, so that a mixture of soluble Ba(OH), and insoluble 
BaCOj can be titrated with acid and an end point obtained as soon as the Ba(OH)j 
has been completely neutralized provided that phenolphthalein is the indicator. 
With methyl orange, on the other hand, a permanent end point will not be reached 
until all the insoluble carbonate has dissolved. 

Procedure. Weigh out into 250-ml Erlenmeyer flasks, two samples 
of about 1 g each. Record the weights to four significant figures.^ 
Fill a glass-stoppered buret with standardized hydrochloric acid and a 
plain buret with standardized sodium hydroxide. Record the initial 
readings in the notebook to the nearest 0.01 ml. 

Cover the sample with 25 ml of water and add 2 drops of methyl orange 
indicator solution. Run in acid slowly until the indicator turns dis- 
tinctly red, rotating the contents of the flask. With an insoluble 
carbonate, it will be necessary to add a few milliliters of excess acid. 
When all the carbonate is decomposed, wash down the sides of the flask 
and carefully add sodium hydroxide from the buret while keeping the 
liquid in the flask in motion. Stop adding the hydroxide as soon as the 
liquid becomes distinctly yellow. Finally add acid dropwise until the 
well-mixed solution shows a faint change toward the pink. In order to 
determine the end point accurately, the beginner should have two com- 
parison solutions both containing the same amount of indicator as used 
in the analysis and approximately the same volume as at the end of the 
titration. For one solution have the indicator in distilled water; the 
color will be yellow, because water reacts basic to methyl orange. For 
the other comparison solution, add a drop of the standardized acid, or 
just enough to change the methyl orange color toward the pink. This 
shade should be matched in the titration 

From the total volume of hydrochloric acid used, deduct the volume 
of hydrochloric acid corresponding to the sodium hydroxide added, and 
this will give the volume of hydrochloric acid actually required to react 
with the weight of the carbonate used. The milliequi valent weight of 
Na 2 C 03 in this determination is the molecular weight divided by 2000; 
the same is true of Na 20 . 

^ See p. 20, regarding significant figure.?. In general, no more significant figures 
should be used in analyses than the accuracy of the result warrants. In report- 
ing results, the next to the last figure kept should not vary by more than two units. 

* It is also well to have as much neutral sodium chloride present as will be formed 
by the titration. 
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3. Determination of Alkali Carbonate and Hydroxide in the Presence 

of One Another 

‘ Method of C. Winkler 

Of the many methods which have been proposed for this determina- 
tion that of Winkler is the best. 

In one portion determine the total amount of alkali present by titra- 
tion with acid, using methyl orange as an indicator, and determine 
the hydroxide in a second portion as follows: Add the solution from a 
pipet to enough barium chloride solution to leave the solution about 
0.1 iV in Ba"^+ after all the carbonate is precipitated; the following re- 
actions take place : 

Na2C08 -h BaCU = 2NaCl + BaCOa (insoluble) 

2NaOH -f BaCb = 2NaCl -h Ba(OH )2 (soluble) 

Add phenolphthalein and titrate slowly with hydrochloric acid with 
constant stirring; decolorization is effected as soon as the hydroxide 
is neutralized before any barium carbonate is dissolved. The amount 
of acid used corresponds to the amount of hydroxide originally present. 


4. Determination of. Alkali Carbonate in the Presence of Either 
Alkali Hydroxide or Alkali Bicarbonate 

If a solution of sodium hydroxide is titrated with tenth-normal hydrochloric acid, 
the reaction is practically complete at about pH — 11. When sodium carbonate, 
NaaCOs, is titrated with tenth-normal hydrochloric acid, it is completely changed to 
NaHCOa at about pH = 10 and the sodium bicarbonate is changed to chloride at 
about pH = 4. It happens, fortunately, that the color change with phenolphthalein 
takes place after the sodium hydroxide has been completely neutralized and just after 
the carbonate has been converted to bicarbonate. Methyl orange, on the other hand, 
does not show an acid reaction until the sodium bicarbonate is changed completely 
to sodium chloride. 


OH" -f H+ 
CO,-" -f H+ 
HCO,' + 


H 2 O 1 
HCO,-J 


end point with phenolphthalein 


H 2 O + CO 2 t additional reaction with methyl orange 


In carrying out the analysis it is important to make sure that there is no loss of 
CO 2 before the first end point is reached; the solution must be cold, the acid must 
be added slowly, and each portion must be stirred in well before fresh acid is added. 


Procedure. Weigh out 5 g of the sample to four significant figures, 
dissolve in water, and make up to exactly 500 ml in a measuring flask. 
Mix well by pouring back and forth into a beaker at least four times. 
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and take 25-ml portions of the solution with a pipet for the further 
analysis. 

To one portion, add some phenolphthalein indicator, chill by placing 
the flask in ice water, and titrate slowly with 0.1 iV hydrochloric acid 
while stirring constantly. Titrate to match the rose color obtained by 
adding phenolphthalein indicator to a solution of approximately the 
same concentration of pure sodium bicarlx^nate. Let Ti represent the 
milliliters of acid required to decolorize the solution. 

To another portion add methyl orange and titrate till the color of the 
solution begins to change from yellow to pink. Let T 2 represent 
the total milliliters of acid used to make the solution acid to methyl 
orange. 

Computation, (a) If Tj is more than twice as large as Ti, the original sample is a 
mixture of carbonate and bicarbonate. (6) If Tj is less than twice as large as Ti the 
sample contains carbonate and hydroxide. 

(o) Now n moles of COs”" react with n moles of H'*’ in the phenolphthalein titra- 
tion and with 2 n moles of in the methyl orange titration; m moles of HCO|” 
react with no acid in the first titration and with m moles of in the second titration. 
In a mixture of n moles of COa"” and m moles of HCOa”, when Ti ml of A^-normal 
HCl is used in the phenolphthalein titration and Ta ml of acid in the methyl orange 
titration: 


Ti X N = n = number of millimoles of COa"" 

(Ti — 2Ti)N = m = number of millimoles of HCO*" 

(6) If Tj is less than twice as large as Ti, the original sample is a mixture of alkali 
hydroxide and carbonate : 

(Ta — Ti)N — number of millimoles of COa~" 

(2Ti — Ta) X N — number of millimoles of OH' 

Note. This method of analysis, which applies to the analysis of alkali carbonate, 
hydroxide, and bicarbonate mixtures but not to mixtures of alkaline-earth carbonate 
with hydroxide and bicarbonate, is not so satisfactory as Winkler's method which 
depends upon the titration of one sample with methyl orange as indicator and of 
another sample with phenolphthalein as indicator after treatment with barium 
chloride, which precipitates barium carbonate. A solution containing soluble alkali 
or alkaline-earth hydroxide in the presence of insoluble alkaline-earth carbonate 
can be titrated with acid and the phenolphthalein end point obtained as soon as the 
hydroxide has been neutralized completely and before any of the insoluble carbonate 
dissolves. With methyl orange, however, the end point is not reached until all the 
alkaline-earth carbonate has dissolved. The carbonate dissolves very slowly 
toward the last; it is best, therefore, to add an excess of acid and, then, when 
all the alkaline-earth carbonate is dissolved, titrate back to a methyl orange 
end point. 
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6. Determination of Alkaline-Earth Hydroxides 

Titrate with phenolphthalein as indicator to a colorless end point. 

6. Determination of Alkaline-Earth Carbonates 

Cover the carbonate with 25 ml of water, add an excess of the stand- 
ard acid, boil to remove the carbon dioxide, cool, and titrate the excess 
of acid with alkali and in the methyl orange as indicator 

7. Determination of Alkaline-Earth Oxide together with 
Alkaline-Earth Carbonate 

This analysis is based upon the fact that calcium carbonate, as well 
as calcium oxide, neutralizes a solution which is acid to methyl orange 
and changes the color of the indicator. One mole of CaCOa reacts with 
2 moles HCl before the solution is acid to methyl orange. Toward 
phenolphthalein, calcium oxide is basic but calcium carbonate is not, 
and the end point is reached when all the calcium oxide is neutralized 
and the calcium carbonate begins to dissolve. 

Suppose, for example, that it is desired to determine the amount of 
oxide and carbonate in a sample of quicklime.’' Break up the lime 
into pieces about the size of a pea, weigh out 14 g, and slake with boiled 
water. Wash the paste into a 500-ml flask and dilute to the mark 
with water free from carbon dioxide. After thoroughly mixing, trans- 
fer 50 ml of the turbid liquid to a second 500-ml flask and again dilute 
to the mark. 

Determination of the Total Calcium. To 50 ml (0.14 g of substance) 
of the last solution add 60 ml of O.l N hydrochloric acid and heat until 
there is no further evolution of carbon dioxide. Cool, and titrate the 
excess of acid with 0.1 sodium hydroxide solution, using methyl 
orange as an indicator. For this purpose t ml of methyl orange is 
required; consequently 60 — ^ ml of 0.1 N acid was necessary to 
neutralize the calcium hydroxide and calcium carbonate in the 50 ml 
of the solution taken for analysis. 

Determination of the Calcium Oxide. Titrate a second portion of 
the freshly shaken solution with 0.1 iV hydrochloric acid added drop 
by drop to the cold solution, with phenolphthalein as an indicator. 
Assume that h ml of the acid was necessary to neutralize the calcium 
oxide. 

Consequently, for the neutralization of the CaCOs -f CaO, 60 — < 
ml of 0.1 N acid was required, and for the CaO, U ml of 0.1 N acid 
wa^ necessary. For the neutralization of the CaCOs, therefore, 
60 — (^ -f ^i) ml of 0.1 W acid was necessary. 
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50 ml solution (0.14 g lime) contains: 

(a) h X 0.002803 g CaO, (6) [GO - (i 4- ^i)l X 0.5003 g CaCOs, and 
the sample contains 


and 


U X 0.2805 ^ ^ ^ 

= 2ti per cent CaO 

0.14 


[60 ~ 4- U)] X 0.5005 


= ppnt, CaCO* 


The above method of titration fails to take into consideration the 
fact that commercial lime contains more or less magnesia. As a result 
of cooperative analyses made by the U. S. Geological Survey, the Bureau 
of Chemistry, and the Bureau of Standards, using seven methods of 
analysis. Miss Alice I. Whitson published the following modified Scaife 
method for the 


8. Determination of Available Lime in Quicklime and Hydrated Lime 

Weigh 1.402 g of the carefully prepared and finely ground lime (pass- 
ing 100 mesh) into a 400-ml beaker, add 200 ml of hot water, cover, 
heat carefully, and then boil for 3 minutes. 

Cool, wash down the cover glass, add 2 drops of phenolphthalein 
and titrate with N hydrochloric acid, adding the acid dropwise as 
rapidly as possible and stirring vigorously to avoid local excess of acid. 
When the pink color disappears in streaks, retard the rate of addition 
of acid somewhat, but continue until the pink color fades throughout 
the solution for 1-2 seconds. Note the reading and ignore the return 
of color. 

Repeat the experiment, substituting for the 400-ml beaker a 1-1 
graduated flask carrying a one-hole stopper fitted with a short glass 
tube drawn out to a point. Cool, and add dropwise, with vigorous 
stirring, about 4.5 ml less acid than before. Call this number of milli- 
liters used A. Grind up any small lumps with a glass rod flattened 
at one end, dilute to the mark with freshly boiled distilled water, close 
the flask with a solid stopper, mix thoroughly for 4-5 minutes, and let 
settle for half an hour. 

Pipet off a 200-ml portion, add phenolphthalein, and titrate slowly 
with 0.5 N hydrochloric acid until the solution remains colorless on 
standing 1 minute. Call this additional number of milliliters B. Then 
the percentage of available CaO = 2A 4- 5B. 

The computation is thus simplified because the weight of sample 
taken is exactly 50 times the milliequivalent weight of calcium oxide 
(0.02804 g). If any other weight of sample, s, is taken and hydro- 
chloric acid solutions of Ni and N 2 concentrations are used instead of 
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exactly normal and half-normal acids, the computation is as follows: 


(A X iVi -f 5B X N 2 ) X 0.02804 X 100 
s 


per cent CaO 


9. Determination of Alkaline-Earth Bicarbonates 

This determination finds a practical application in the determination 
of the temporary hardness of water. 

The hardness of a water is caused by the presence of alkaline-earth 
salts, either those with strong acids (CaS 04 , MgCb) or bicarbonates. 
A hard water is recognized by the fact that it gives with a clear soap 
solution a turbidity or even a precipitate, and considerable soap must 
be added before a lather is obtained on shaking. Usually calcium 
salts, and chiefly calcium bicarbonate, predominate in such a solution, 
and hardness is usually expressed in parts of calcium carbonate (or 
calcium oxide) in 100,000 parts of water. 

If the solution contains 1 part of calcium carbonate in 100,000 parts 
of water it is said to poasess 1 degree of hardness (French); if such a 
water contains n parts of CaCOa in the same quantity of water it pos- 
sesses n degrees of hardness. In Germany the hardneas is expressed 
in parts of CaO per 100,000 parts of water; in England the hardness 
is expressed in grains of calcium carbonate per Imperial gallon. In 
the United States hardness is usually expressed in grains of calcium 
carbonate per U. S. gallon, which is five-sixths as large as the Imperial 
gallon. One degree of hardness on the French scale = 0.56 degree on 
the German scale = 0.70 degree on the English scale == 0.585 degree 
on the U. S. scale. When magnesium salts are present, these are ex- 
pressed in terms of the equivalent amounts of CaCOs or CaO. The 
error caused by this assumption is not great, for the amount of mag- 
nesium present is usually small compared with the amount of calcium. 
If a water containing calcium bicarbonate and calcium sulfate is heated 
to boiling, the former is decomposed with the precipitation of calcium 
carbonate : 

Ca(HC 03)2 = H 2 O + CO 2 + CaCOs 

while the calcium sulfate remains in solution. In other words, the 
hardness produced by the presence of alkaline-earth bicarbonates dis- 
appears on boiling, and is designated, therefore, as ** temporary hard- 
ness to distinguish it from ‘‘ permanent hardness,” which is usually 
caused by alkaline-earth salts of the stronger acids, usually calcium 
sulfate. The sum of the temporary and permanent hardness of a water 
represents the total hardness. 
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According to O. Hehner, the temporary as well as permanent hardness 
may be determined accurately by an alkalimetric process. 

(а) Determination of Temporary Hardness 

Place 100 ml of the water to be examined in a white porcelain evapo- 
rating dish, add a few drops of methyl orange, and titrate the solution 
with O.l N hydrochloric acid until the first change from yellow to orange 
takes place. From the amount of hydrochloric acid used the amount 
of calcium carbonate present can be calculated. 

Example: 

100 ml water required 2.5 ml of O.l N hydrochloric acid 

As 1000 ml of O.l N hydrochloric acid neutralizes, ~ 2 q ~~ ~ g CaCOi, 1 ml 

of 0.1 N hydrochloric acid will neutralize 0.005005 g CaCOs and 2.5 ml of 0.1 N 
hydrochloric acid corresponds to 0.005003 X 2.5 = 0.0125 g CaCOj. 

Then if 100 ml of water contains 0.0125 g CaCOs, 100,000 ml of water will contain 
12.5 g CaCOj. This corresponds to 12.5 French degrees or 7.01 U. S. degrees. 

(б) Determination of Permanent Hardness 

Treat another portion of 100 ml of the water with an excess of 0.1 A 
sodium carbonate solution, evaporate on the water bath to dryness, 
and take up in a little freshly boiled distilled water. Filter off the 
residue and wash 4 times with hot water. Allow the filtrate to cool 
and afterwards titrate with 0.1 A hydrochloric acid, using methyl 
orange as indicator. If the amount of hydrochloric acid used for the 
titration is deducted from the total amount of sodium carbonate added 
to the water, the difference represents the amount of sodium carbonate 
required for the precipitation of the alkaline-earth salts of the strong 
acids. 

Example. 100 ml of water + 10 ml of 0.1 AT Na^CO, were evaporated to dry- 
ness, the residue extracted with water, and the filtrate titrated with 0.1 A hydro- 
chloric acid; this required 8.7 ml of HCl. Consequently, for the precipitation of 
the calcium sulfate 10 - 8.7 = 1.3 ml of 0.1 N NajCO, was necessary, which corre- 
sponds to 1.3 X 0.005 = 0.0065 g CaCO, per 100 ml water and 6.5 g CaCOi per 
100,000 ml of water. 

The permanent hardness amounts to 3.8 U. S. degrees. 

Remark. The above methods of Hehner for the determination of hardness will 
give reliable results only when the water contains no alkali carbonates in solution, 
as is usually the case with drinking waters. For the deteimination of the amount 
of alkaline earth present in many mineral waters it is obvious that these methods 
cannot be used. 



604 


ACIDIMETRY AND ALKALIMETRY 


10. Deteraiination of Alkaline-Earth Salts of Strong Acids 

The determination is practically the same as was indicated above. The alkaline- 
earth salt is precipitated by means of an excess of titrated sodium carbonate solu- 
tion, and after filtration this excess is determined by titrating back with acid. 

Procedure. A solution containing calcium chloride and hydrochloric 
acid is to be analyzed. Place it in a measuring flask, treat w'th a few 
drops of methyl orange and with sodium hydroxide solution until the 
neutral point is reached; after this add an accurately measured amount 
of sodium carbonate solution. Heat the solution until the precipitated 
calcium carbonate becomes crystalline, allow to cool, dilute to the mark, 
mix, filter through a dry filter, and titrate the excess of sodium carbon- 
ate titrated in an aliquot part of the filtrate. From the amount of 
sodium carbonate required for the precipitation of the calcium the 
amount of the metal can be calculated. 

Remark. Other metals which are precipitated by sodium carbonate can be deter- 
mined in this way. 


11. Titration of Borates and Phosphates 

Boric acid, HaBOs, is such a weak acid that it cannot be titrated accurately with 
O.l N alkali hydroxide. Its ionization constant is 5 X 10 "^®. It behaves as a mono- 
basic acid, and the salts are derived from metaboric acid, HBO2, or pyroboric acid, 
H2B4O7, both of which are also very weak acids. Borax, Na2B407, the best-known 
salt of pyroboric (or tetraboric) acid, can be titrated with acid with methyl orange 
or methyl red as indicator according to the reaction : 

6407" ■ + 2 H+ -f- 5H2O — 4H8BO3 

Commercial samples of borax often contain some alkali carbonate or bicarbonate 
together with a small quantity of other borates. If the aqueous solution of borax 
is neutralized to methyl orange and then an organic compound containing more than 
one hydroxyl group is added such as glycerol, C3H6(OH)3, mannitol, C6H8(OH)6, 
dextrose, C6H12O6, or invert sugar (a mixture of dextrose and its isomer levulose) a 
stronger complex acid is formed which can be titrated with alkali hydroxide in the 
presence of phenolphthalein. Mannitol is very effective in this respect, and 0 . 5 - 
0.7 g of it is sufficient for about 10 milliequivalents of boric acid. 

If, therefore, a solution of pure Na2B407 is titrated with HCl to a methyl orange 
or methyl red end point, two molecules of HCl will be required for each molecule of 
borax. If then the neutralized solution is treated with mannitol, glycerol, or invert 
sugar, four molecules of NaOH will be required to make the solution neutral to 
phenolphthalein. If, on the other hand, a fresh sample of the borax is dissolved and 
treated with mannitol, glycerol, or invert sugar, two molecules of NaOH will be 
required to make the solution neutral to phenolphthalein. In other words, the 
equivalent weight of borax is Na2B407 -r- 2 when it reacts with HCl to a methyl 
orange end point, and the equivalent weight is the same when the acid is strengthened 
by adding one of the above-mentioned hydroxy organic compounds and the titra- 
tion is then made with alkali hydroxide. 
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Phosphoric acid, HaPOi, is a tribasic acid of which the three ionization constants 
are 7 X 10"’, 7 X 10"*, and 5 X 10"^*. There is so much difference in these con- 
stants that the aqueous solution can be titrated with tliree different end points. 

The pH of a solution which is 0.05 M in KH 2 PO 4 is about 4.4. The change in 
pH near the end point is not very pronounced, and, if methyl orange or bromocresol 
green is used as indicator, it is well to match the color at the end point with a solu- 
tion of KH 2 PO 4 of about the same concentration and with exactly the same quantity 
of indicator. 

The pH of a 0.05 Af solution of Na 2 nP 04 is 9.6, and at this pH phenolphthaleiu 
and thymol blue exist in their alkaline forms. In titrating HsP 04 as a dibasic acid, 
the color change will take place a little too soon, but if the solution is half-saturated 
with NaCl (18 g NaCl per 100 ml of solution) the hydrolysis of the HPO4” is repressed 
and the color change occurs at the theoretical end point. 

The third ionization constant of H3PO4 is so small that it cannot be titrated accu- 
rately as a tribasic acid. If, however, some neutral CaCU solution is added after 
the first end point is reached, alkaline earth phosphate is precipitated and at a tem- 
perature below 20° a fairly good end point can be obtained with phenolphthalein as 
indicator with all three hydrogen atoms of H3PO4 neutralized. 

The presence of calcium, barium, or magnesium interferes somewhat with the 
titration of phosphoric acid as precipitates of indefinite composition are formed. The 
interference of calcium can be prevented by adding an excess of 10 per cent K2C2O4 
solution after the first end point has been reached; calcium oxalate is precipitated 
and does not interfere. Barium can be made harmless by adding a little neutral 
sulfate to the solution after the first end point has been reached. 

The analysis of alkali phosphate mixtures has become of some practical impor- 
tance since Na3P04 and (NaP03)6 are often used in commercial cleaners and may be 
mixed with Na2C03 and soap. Soluble sodium metaphosphate, probably (NaPOs)#, 
can be hydrolyzed to NaH2P04 by long boiling with water. If both carbonate and 
phosphate are present, a gravimetric or gasometric determination of CO2 should be 
made. The analysis of carbonate mixed with caustic alkali has already been dis- 
cussed (p. 499 ). In mixtures of H3PO4, Nall2P04, Na2HP04, NasP04, and NaOH it 
can be assumed that only two can be present in a given solution and these must be two 
adjacent substances in the order named for H3PO4 and Na2nP04 will react to fonn 
NaH 2 P 04 , NaHuPOi and Na3P04 will give Na2HP04, and Na2HP04 and NaOH will 
give Na3P04. The three ionization constants of II3PO4 are so far apart that this 
assumption can be made without serious error. Furthermore, NaH2P04 is neutral 
to methyl orange but acidic to phenophthalein, and Na2lIP04 is basic to methyl 
orange but neutral to phenolphthalein. Consequently, from the volumes of acid or 
base required to give each end point and from the relative volumes of acid or base 
required in the two titrations it is possible to predi(;t which two and how much of 
each is present in an alkali phosphate mixture. The quantity of soap present in a 
cleaning mixture can be estimated approximately by weighing the fatty acids liber- 
ated by making the aqueous solution acid to methyl orange and assuming that the 
acid liberated is stearic acid. The fatty acids can be filtered off by means of a tared 
filter which has been wet with water and dried at 100 °, or the filtered acids can be 
dissolved in ether and the ethereal solution evaporated in a weighed dish. 

To illustrate the extent to which titrations of separate portions of the same solution 
to the methyl orange and phenolphthalein end points can aid in the interpretation 
of the results of chemical analysis, let us assume that qualitative tests show the 
presence of only Na+, CP, and POP"", and that we are dependent upon the results 
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of titrations with the above two indicators to determine which of the following 
substances are present — HCl, H*P04, NaH,P04, NaiHP04, Na»P04, and NaOH. 
The analytical procedure would be something like this: 

Make the solution up to a definite volume in a measuring flask. Mix thoroughly, 
and take suitable aliquots of the diluted solution. To one portion add a little methyl 
orange indicator and titrate to a color like that shown by the same quantity of indi- 
cator in the same volume of 0.1 ilf NaHjP04 solution. To another aliquot portion 
add phenolphthalein indicator and titrate to a colorless end point if the original 
solution is basic, or to a pale pink if the original solution is acidic. 

There are no less than nine different possibilities. In four cases the solution will 
be acid to both methyl orange and phenolphthalein; in four others the solution will 
be alkaline to both indicators. In one mixture the solution will be alkaline to 
methyl orange and acid to phenolphthalein. It is impossible to determine the NaCl 
content of the solution by these titrations, but, of the substances listed above, any 
one can be present alone and we can have a mixture of any two neighboring com- 
pounds as listed. We can assume that HCI reacts with Na*HP04 to give HjP04, 
H8PO4 reacts with NajHP04 to give NaH2P04, and NaHiP04 reacts with NaaP04 
to give NaaHP04. Although these reactions may not go abaoltUely to completion, 
the differences in the three ionization constants show that we do not incur serious 
error in making the above assumptions. In other words, the results ought to be 
good to within about 1 per cent of the truth. 

Computation. A. The sohdion is acid to both indicators. Let Ti represent the 
milliliters of A^h-normal sodium hydroxide required in the methyl orange titration 
and Ti the milliliters of AT^-normal sodium hydroxide required in the phenolphthalein 
titration. The relative values of Tx and Tt can vary in four ways: 

(o) Ta — T|. The solution contains hydrochloric acid alone. This is contrary 
to the fact that the presence of a soluble phosphate was shown by qualitative analysis. 

( 6 ) T% > Ti but T% <, 2Ti. The solution contains hydrochloric acid and phos- 
phoric acid. (Ta — Ti)Nb millimoles of H#P04 are present and (2Ti — Ti)Nh 
millimoles of HCl. 

(c) Ti =* 2Tx. The solution contains Ti-Nt millimoles of H8PO4. 

(d) Ti > 2Ti. The solution contains Ti Nb millimoles of H8PO4 and {Tt — 2Ti)Nb 
millimoles of NaHaP04. 

B. The solution is neutral to methyl orange and acid to phenolphthalein. The 
volume of NaOH used is a direct measure of the NaHaP04 and no other acid or basic 
constituent is present. 

C. The solution is basic to methyl orange and acid to phenolphthalein. A mixture 
of NaaHP04 and NaHaP04 is present. 

D. The solution is basic to methyl orange and neutral to phenolphthalein. The 
volume of acid used in the methyl orange titration is a direct measure of the NaaHP04 
of which 1 millimole 1 milliequivalent. 

E. The solution is basic to both methyl orange and phenolphthalein. Let Ti represent 
the milliliters of No-normal HCl used in the methyl orange titration and Tt the milli- 
liters used with phenolphthalein. As under A there are four different cases depend- 
ing upon the relative volumes used in the two titrations. 

(а) Ti > 27 ’*. The solution contains (T’l — 2Ti)Na millimoles of Na*HP04 and 
T’s-Na millimoles of Na*P04. 

( б ) T’l * 27 ’*. The solution contains TrN^ millimoles of Na»P04. 

(c) T’l < 2 r* but Ti > 7 ’*. The solution contains (T’l — Ti)Na millimnlAa of 
Na*K>4 and ( 27 ’* — Ti)Na millimoles of NaOH. 
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(d) Ti — Ti. Only NaOH is present. This, like A (a), is contrary to the assump- 
tion that phosphate is present. 


Analysis of Borax 

Although commercial borax is cheap, the carefully purified product is costlier 
and has been adulterated sometimes with cheaper substances like sodium bicar- 
bonate. The presence of such an adulterant is easily detected by the effervescence 
that takes place when the sample is treated with acid. Some of the deter- 
gents sold commercially contain borax together with other substances of basic 
reaction such as sodium carbonate. The methods described for the analysis of 
alkaline carbonates and for phosphate mixtures can be applied with slight modifica- 
tion to the examination of mixtures containing borax. 

Procedure. Weigh out carefully about I.O g of the sample, add 50 
ml of 0,5 N hydrochloric acid, and heat to 80°. Filter if any insoluble 
residue remains, and wash the filter with hot water until the liquid that 
runs through the filter does not turn blue litmus red. Add 2 drops of 
methyl orange indicator, and titrate with 0.5 N sodium hydroxide until 
the mixture has a clear lemon-yellow color. 

Now add 3 drops of phenolphthalein indicator solution and about 1 g 
of mannitol. Titrate with 0,5 N sodium hydroxide to a permanent pink 
color. Add 0.5 g more of mannitol, and, if the color fades, add more 
sodium hydroxide. Instead of mannitol, 50 ml of glyccTol can be used 
followed by 10-ml portions until the color ceases to fade. 

If the sample contained no basic substance other than borax, the 
volume of 0.5 N hydrochloric acid required to react with it to a methyl 
orange end point should be one-half that of the 0.5 N sodium hydroxide 
required in the final titration. 

Equivalent weight of Na2B4O7T0H2O = 190.7 against hydrochloric 
acid with methyl orange or methyl red as indicator and 95.35 against 
sodium hydroxide after neutralization to methyl orange and introduction 
of mannitol. 


B. AcmiMETRY 

Acids are determined either by titration with standard alkali hy- 
droxide solution or a known amount of the latter is added and the excess 
titrated with standard acid. The second method requires more buret 
readings and is, therefore, less satisfactory than the first. 

1. Determination of the Acid Contents of Dilute Mineral Acids 
(HCl, HNO3, H2SO4) 

Determine the approximate density of the acid by means of a hy- 
drometer or a Westphal balance, and from the tables in the back of 
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this book estimate the approximate amount of acid present. Dilute a 
weighed amount of the acid so that the solution will have approximately 
the same concentration as that of the alkali hydroxide to be used for the 
titration. The weighing can take place in a glaas-stoppered weighing 
tube. Analyze by one of the following methods : 

1. Place an accurately measured portion of the diluted acid (20-25 
ml) in a beaker, add methyl orange, and titrate the solution with 
sodium hydroxide solution until a yellow color is obtained. 

2. Place the diluted solution to be analyzed in a buret, and titrate with 
it a definite volume of normal alkali hydroxide solution. 

3. Titrate a definite volume of the diluted acid with 0,1 N Ba(OH )2 
solution or with sodium hydroxide free from carbonate, using phe- 
nolphthalein as an indicator.^ 


Example. For the analysis 0.5 N NaOH was used. 

The hydrochloric acid analyzed had at 15® a density of 1.122, corresponding 
to about 24 per cent HCl by weight. 

One hundred milliliters 0.5 N sodium hydroxide is equivalent to 1.823 g of HCl, 
1.823 

and consequently - — = 7.595 g of the above acid would be required to make 100 
0.24 


ml of 0.5 N acid, if it contained exactly 24 per cent HCl. Weigh o\it about this 
quantity (say 8 g), and as the density of the solution is 1.122, this will require 

g 

1 12 2 ~ ^ Place 7 ml of the acid in a tared, glass-stoppered weighing tube. 


weigh the tube and its contents, rinse the latter into a 100-ml measuring flask, and 
dilute with distilled water up to the mark. After thoroughly mixing, measure off 
25 ml of the acid and analyze by one of the above methods. If in an analysis the 
original weight of the acid amounted to 7.962 g and 25 ml of the diluted acid re- 
quired 25.80 ml of 0.5 N alkali, then 100 ml would require 25.80 X 4 = 103.2 ml 
of 0.5 N alkali, corresponding to 103.2 X 0.01823 = 1.881 g HCl. The acid, there- 


fore, contains 


1.881 X 100 
7.962 


23.6 per cent HCl. 


Remark. Instead of weighing out the acid for the analysis, it can be measured 
and from the percentage by volume found the percentage by weight calculated. 
However, as the density as determined by an aerometer is not very accurate, it is 
better to weigh the acid. If the density of the acid is taken with a pycnometer, 
using all necessary precautions (cf. Kohlrausch, Leitfaden der 'prakti8chen,Physik)j 
it is a matter of indifference whether the acid used for the analysis is weighed or 
measured. 


2. Determination of Total Acid in Vinegar 

Weigh a glass-stoppered weighing tube to the nearest milligram. 
Add to it about 5 ml of vinegar, and reweigh. Transfer to a 200-ml 

^ When phenolphthalein is used as an indicator in cold solutions the acids must 
be diluted with water free from carbonate. 
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Erlenmeyer flask, and dilute with cooled, boiled water until the color 
of the solution is not enough to interfere with a phenolphthalein end 
point. Add phenolphthalein indicator, and titrate with 0.5 N NaOH 
which is free from carbonate (see p. 485). Analyze three separate 
portions; the average deviation should not exceed 2 parts per 1000. 
Report the percentage of acetic acid (equivalent weight 60.05), and 
assume that this is the only acid present. 

3. Determination of the Acid Content of Fuming Acids 

Determination of the Add Content of Okum {Fuming Sulfuric Add) 

Highly concentrated acids must be always weighed and not measured 
volumetrically, in order to avoid loss by evaporation. The weighing is 
best accomplished by means of the Lunge-Rey pipet, shown in Fig. 83, 
but a glass-stoppered weighing tube can be used as in the analysis 
of vinegar. 

Remove the lower tube, introduce 0.5 ml of water, and weigh together 
with the dry upper pipet, but leaving the two parts unconnected. 
Close the lower stopcock, open the upper one, and pro- 
duce a slight vacuum in the bulb by sucking through 
the upper tube and then closing the stopcock. Dip 
the dry point of the pipet into the fuming' acid (if it Is of 
solid pyrosulfuric acid, first melt it by wanning slightly), 
and open the lower stopcock. As soon as the widened 
part of the pipet below the lower bulb is one-half to 
three-fourths full, close the stopcock, taking care that 
none of the liquid reaches up to it. 

Carefully wipe off the acid on the outside of the pipet 
with filter paper; connect the two part.s of the pipet and 
again weigh. The quantity of acid taken for the analysis 
should amount to 0.5-1 g. Dip the point of the pipet 
into about 100 ml of distilled water contained in a beaker, 
and, by opening first the upper stopcock and then the 
lower, allow the acid to run into the water. Rinse out the 
pipet, add the rinsings to the contents of beaker, add 
methyl orange, and titrate with 0.5 N sodium hydroxide. 

Computation. Fuming sulfuric acid can be considered to be a solution of anhy- 
drous SO, in H2SO4.1 On treatment with water, the foUowing reaction takes place; 

1 Fuming sulfuric acid contains a little SO, but as its determination involves an 
iodimetric titration it will not be considered here. The analysis of fuming sulfuric 
acid is not a suitable exercise for beginners, but the method is descnbed because the 
calculation should be understood. 
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SO| + HaO = HaS 04 . The titration with NaOH, therefore, shows the total acid 
present, including that formed from the anhydride. Let p be the weight of the origi- 
nal sample and n the milliliter of AT-normal NaOH used. The total weight of H 2 SO 4 
(equivalent weight 49) in the solution after the reaction with water is 

n X N X 0.049 = pa 

Then pa — P is the weight of the water which reacted with the anhydrous SO#. 
Since 1 mole of HaO (18.02 g) reacts with 1 mole of SOs (80.06 g), evidently 1 g of 
H 2 O reacts with 80.06 h- 18.02 = 4.443 g of SOs and Pa — P grams of water are 
equivalent to 4.443 (pa — p) grams of anhydrous SO3. This value subtracted from 
the weight, p, gives the original weight of H 2 S 04 .^ 

Fuming hydrochloric acid can be analyzed in the same way as fuming 
sulfuric acid, and the computation is simple. In the case of fuming 
nitric acid, it is best to add an excess of alkali hydroxide before adding 
the methyl orange and then titrate back with 0.5 AT hydrochloric acid ; 
in this way the decolorization of the indicator by the ever-present 
nitrous acid is avoided. 

4. Titration of Hydroxylamine Salts 

Hydroxylamine hydrochloride reacts neutral towards methyl orange 
and acid towards phenolphthalein. If phenolphthalein is added to an 
aqueous solution of the salt, ^-nd the titration is made with 0.1 AT alkali, 
the end point will be obtained when the total amount of acid present 
has been neutralized by the alkali. It is impossible to determine the 
amount of free hydrochloric acid present when phenolphthalein is used, 
but it can be done with methyl orange. Romijn^ recommends for the 
titration of the acid a 0.1 A^ borax solution. 

6. Hydrofluoric Acid 

KXX) ml normal alkali = HF = 20.01 g HF 

Hydrofluoric acid can be titrated with phenolphthalein as an in- 
dicator, but not with methyl orange. Measure out the acid into a 

1 This value 80.06 s- 18.02, or SOs/HjO, where each formula represents a molecu- 
lar weight, is what is called a chemical factor. It represents the weight of SOs corre- 
sponding to a unit weight of HaO so that, if the weight of water is known, the corre- 
sponding weight of SOs is obtained by multiplying the weight of water by this 
chemical factor. The chemical factor represents the weight ratio of weight desired ^ 
weight obtained, but it is necessary always to use equivalent quantities in such chem- 
ical factors. Thus if 1 molecule of HaO reacted with 2 molecules of SOs, the chemical 
factor would be 280$ /HaO. 

* Z. anal. Ch&m., 36, 19 (1897). This method has not been tested in the author’s 
laboratory. 
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platinum dish by means of a pipet which is coated with beeswax, add 
an excess of sodium hydroxide free from carbonate, and titrate the 
excess of the latter in hot solution with an acid of known strength.^ 

A neutral fluoride can be titrated with fair accuracy by adding neutral 
ferric chloride solution until an end point is obtained with KCNS as in- 
dicator.^ 

6NaF + FeCla - NaaFeFe + 3NaCl 

(considerable sodium chloride sho>ild be added to precipitate the com- 
plex salt. 

6. Fluosilicic Acid 

The titration of this acid can take place according to either of the 
following reactions: 

I. HsSiFe + 2KOH = K2SiF6 + 2 H 2 O 
II. SiFe" -f GOH" = 6 F^ + 2 H 2 O + Si(OH)4 

According to Equation I 
1000 ml normal KOH or Ba(()H)a - 72.04 g HaSiFe 
TreadwelVs Method 

If fluosilicic acid is titrated in the cold with potassium hydroxide in 
the presence of phenolphthalein as indicator, a red color appears after 
a time but disappears later on account of the excess alkali hydroxide 
reacting with K 2 SiF 6 to form 6KF and Si (OH) 4 . 

This last reaction, however, takes place so slowly that it is impossible 
to obtain a distinct end point. If the solution is diluted with an equal 
volume of alcohol, however, then 2 or 3 drops of phenolphthalein added, 
the secondary reaction is prevented and the acid can be titrated with 
tenth-normal potassium or barium hydroxide. The insoluble potas- 
sium or barium fluosilicate separates out and is not acted upon by an 
excess of the alkali, so that a sharp end point is obtained as soon as all 
the H 2 SiF 6 has been changed to K 2 SiF 6 . Sodium hydroxide forms a 
soluble salt so that the titration cannot be made with this reagent. 

Indirect Method of PenfieW 

Penfield treated the solution to be titrated with an excess of KCl, 
diluted with an equal volume of alcohol, and then titrated the hydro- 


^ Cf. Winteler, Z. angew. Chem.f 1902, 33. 

* Greeff, Ber., 86 , 2511 (1913). 

* Chem. News, 39, 179. 
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chloric acid set free in the reaction 

HjSiFe -f 2KC1 = KaSiFe + 2HCI 

with tenth-normal sodium hydroxide solution and with cochineal as in- 
dicator. Methyl red is preferable to the cochineal. 

Remark. The precipitate of KaSiF# produced by the treatment with KCl and 
alcohol can be titrated, as in the following method, with 4 molecules of alkali hy- 
droxide.^ 

KaSiF, + 40H- H4Si04 + 2K+ + GF" 

According to Equation II 

1000 ml normal NaOH = 24.01 g HaSiF* 

(a) Method of Sahlbom and Hinrichsen^ 

Titrate the solution at the temperature of the water bath with tenth- 
normal sodium hydroxide solution, using phenolphthalein as indicator. 

(6) Method of Schucht and Moller^ 

Treat the solution to be titrated with an excess of neutral calcium 
chloride solution (25 ml of 4 AT CaCb) and titrate with tenth-normal 
sodium hydroxide, using methyl orange as indicator. The following 
reaction takes place in the cold : 

H 2 SiF 6 + 3CaCl2 + 6NaOH = SCaFz + 6NaCl + Si (OH) 4 + 2 H 2 O 

During the titration the solution remains clear, for the CaF 2 and the 
Si (OH) 4 remain in colloidal solution. Phenolphthalein should not be 
used as indicator, as it is hard to decide upon the correct end point. 

In the titration of salts of fluosilicic acid, however, the titration must 
always be carried out with phenolphthalein as indicator: 

Na 2 SiF 6 + 3CaCl2 + 4NaOH = 3CaF2 + 6NaCl + Si(OH )4 
In this case 

1000 ml of normal NaOH = 47.01 g of Na 2 SiF« 

7. Determination of Organic Acids 

Methyl orange cannot be used for the titration of organic acids, but 
phenolphthalein is suitable in most cases. If the ionization constant 
of the acid is known the approximate pH at the end point can be calcu- 

1 Cf. Hilemann, Z. anorg. Chem.y 51, 169 (1906); Travers, C. A., 16, 640 (1922). 

* Bcr., 89, 2609 (1906). 

•Ber., 80, 3693 (1906). 
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lated (cf. p. 476) and the appropriate indicator chosen (p. 463). If 
carbonic acid is present at the same time, the titration can be made in 
a hot solution (cf. p. 489). It is best to dilute the organic acid with 
water free from carbon dioxide, add phenolphthalein, and titrate with 
half-normal barium hydroxide in the cold. 

To illustrate. It is desired to analyze a sample of acetic anhydride. 
The only impurity that the distilled product is likely to contain is 
acetic acid, so that it is a question of determining the amount of acid 
and anhydride in the presence of one another. Such a problem can be 
solved only by an indirect analysis. Weigh out the mixture in a small 
glass bulb and drop it into an accurately measured volume of standard 
barium hydroxide solution contained in a flask which is connected with 
a return-flow condenser and a soda-lime tube at the top. Heat gently 
until the anhydride has dissolved completely; it is thereby changed to 
acetate and the total quantity of acetate formed corresponds to the 
neutralization of the acetic acid originally present together with that 
formed by the hydrolysis of the anhydride by the reaction 

(CH3C0)20 + H 2 O -> 2CH3C0'0H 

After the reaction is complete, add phenolphthalein indicator solution 
and titrate the excess Ba(On )2 with 0.1 N HCl. 

Calculation: First Method. Subtract, from the total milliequivalcnts of base 
added, the milliequivalents of acid used; this gives the milliequivalents of Ba(OH)a 
neutralized by the acetic acid including that originally present and by that formed 
as a result of the hydrolysis of the anhydride. This number multiplied by 0.0605 
(the equivalent weight of CHaCO-OH) gives the total weight of acetic acid neutral- 
ized. Call this weight q. Then if x is the weight of acetic anhydride originally 
present, p — x is the weight of the acetic acid present in p g of the sample, and 

2 CH 3 COOH . 

(CH,C0)20 ^ ^ ^ 

Second Method. The weight q is larger than the weight p because one molecule of 
water has combined with each molecule of acetic anhydride. The weight of anhy- 
dride, therefore, is 

H>0 

Then if x g of anhydride and 1 / g of acetic acid are present in p g of sample, we have 
x-\-y = V 

mx y = q (acetic acid) 
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from which can be computed 


In this equation 


and 


X =* 


g ~ P 
m — 1 


2 CaH 40 j 120.10 , 


= 5.65 

m — 1 


Remarks. 1. An indirect analysis such as this is not very accurate because the 
equivalent weight of acetic acid is 60.05 and that of acetic anhydride is 51 .05. Abso- 
lutely pure acetic anhydride yields only 1.18 times its weight of acetic acid. Any 
error in determining the acetic acid content after hydrolysis is multiplied by about 
5.5 in determining the percentage composition of the mixture. 

2. Acetic acid anhydride is also hydrolyzed by water at the ordinary tempera- 
ture. If a weighed amount of the substance is shaken with water in a flask until 
no more drops of anhydride are to be recognized and the acetic acid formed is then 
titrated with barium hydroxide, using phenolphthalein as indicator, correct results 
are obtained if the water used is entirely free from carbon dioxide. It is always 
safer, however, to carry out the determination as outlined above. • 


8. Determination of Sulfurous Acid 

For the determination of sulfurous acid by itself, the analysis is best 
accomplished, as recommended by Volhard, by an iodimetric process, 
i.e., it is oxidized to sulfuric acid. In many cases, however, it is neces- 
sary to titrate the sulfurous acid with alkali hydroxide (cf. p. 469). 
Methyl orange should be used as indicator, and only one hydrogen in the 
H 2 SO 8 is titrated. 

Titration with phenolphthalein gives approximately complete neu- 
tralization, but the results are reliable only when an excess of neutral 
hydrogen peroxide is added, which oxidizes the sulfurous acid. 


9. Determination of Thiosulfuric Acid^ 

To a large excess of mercuric chloride (20 ml of the cold, saturated 
solution for each millimole of Na 2 S 203 ) add a measured volume of 
sodium thiosulfate solution. Shake several times and allow to stand 
6 minutes. Then to prevent precipitation of HgO, add 30 ml of 4 AT 
ammonium chloride solution, and titrate with 0.1 AT sodium hydroxide 


1 W. Feld, Z. angew. Chem., 24, 290, 1161 (1911); A. Sander, ibid., 1915, 9; 1916, 16. 
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and methyl orange as indicator: 

(а) 2 Na 2 S 203 -f 2HgCl2 = 2HgS20s + 4NaCl 

( б ) 2HgS203 + 2H2O = 2 HgS + 2H2SO4 
(c) 2 HgS -f- HgCl2 = Hg 3 S 2 Cl 2 

If too little HgCl2 is present, black mercuric sulfide precipitates and 
makes the titration difficult. 

Polythionates can be titrated similarly,^ as the following equations 
show: 

2K2S3O6 + 3 HgCl 2 + 4H2O = Hg 3 S 2 Cl 2 -f 4 KC 1 + 4H2SO4 
2K2S4O6 + 3 HgCl 2 + 4H2O = Hg 3 S 2 Cl 2 + 2 S -f 4 KC 1 + 4H2SO4 

According to Eliasberg,^ the thiosulfates and polythionates can be 
determined by treatment with a measured quantity of alkali hydroxide 
solution and neutral hydrogen peroxide, boiling to complete the oxi- 
dation, and titrating the excess of base with 0.1 iV acid. 

Na2S203 -f* 4H2O2 “h H2O = Na2S04 -j- 4H2O -I- H2SO4 
Na 2 S 406 + 7H2O2 4 - 2H2O - Na2S04 + 6H2O + 3H2SO4 


10. Determination of Orthophosphoric Acid 

NaH2P04 reacts acid toward phenolphthalein and neutral toward 
methyl orange; Na2HP04 is neutral toward the former indicator and 
basic toward the latter. Therefore, on titrating free phosphoric acid 
with alkali one of the following reactions will take place: 

1 . H3PO4 + 2 NaOH = Na2HP04 + 2H2O (phenolphthalein). 

2 . H8PO4 + NaOH = NaH2P04 + H2O (methyl orange). 

The first reaction is not altogether sharp, because pure Na2HP04 is 
hydrolyzed slightly, so that it becomes alkaline to phenolphthalein : 

Na2HP04 + HOH NaH2P04 + NaOH 

To prevent this hydrolysis, the titration is best effected in a small 
volume of cold half-saturated sodium chloride solution (cf. p. 505 ). 

^Kessler, J. prakt. Chem.f 47, 42 ( 1849 ). 

*B€r., 19, 322 ( 1866 ). 
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11. Alkalimetric Determination of Phosphorus in Iron and Steel 

1000 ml normal NaOH = 1.349 g P 

Procedure foa Carbon Steels and Alloy Steels Soluble in Nitric 
Acid. Use of Acid Ammonium Molybdate Reagent 

Plain Carbon Steel. Weigh 2 g of steel to the nearest centigram into 
a 300-ml Erlenmeyer flask; to this add 100 ml of approximately 4 N 
nitric acid, and insert a small, short-stemmed funnel into the neck of 
the flask. Heat until the sample is entirely dissolved and very little 
oxide of nitrogen is visible in the neck of the flask. Add 10 ml of 1.5 
per cent KMn 04 solution and boil gently for 2 to 3 minutes. The purpose 
of the permanganate is to oxidize the dissolved carbide and to make sure 
that all the phosphorus is fully oxidized to phosphoric acid. If no precip- 
itate appears, add more permanganate and boil again. Dissolve the 
precipitate of Mn 02 , and reduce the excess KMn 04 by adding a few drops 
of sulfurous acid, a small crystal of ferrous sulfate, or some 5 per cent 
sodium thiosulfate solution. Add very little of the reducing agent at a 
time, but continue adding it, at short intervals, until the manganese 
dioxide is dissolved. If there is any appreciable silicious residue at this 
point it should be removed by filtration. Boil 2 minutes after the man- 
ganese dioxide has dissolved, and then cool to 40®. If the volume of 
the solution is less than about 80 ml at this stage of the analysis, more 
4 N nitric acid should be added. Add 40 ml of 6 A ammonium hydrox- 
ide in portions of 25, 10, and 5 ml, and rotate the flask until the precip- 
itated ferric hydroxide redissolves. It is important that the solution 
should now assume a pale straw color and not appear at all red from 
colloidal ferric hydroxide. A red solution shows that too much ammonia 
was added and more nitric acid must be added or the precipitation of 
the phosphorus will be incomplete. With the solution at about 40® 
add 40 ml of the acid ammonium molybdate solution (see p. 373). 
Stopper the flask with a rubber stopper and shake vigorously for 5 min- 
utes; allow the precipitate to settle for 15 minutes but in no case for 
more than half an hour. 

Filter off the precipitate and use a 9-cm ashless filter paper that fits 
the funnel tightly. Wash the flask, precipitate, and paper twice with 
5-ml portions of 1 per cent HNOa (1 ml concentrated acid to 100 ml of 
water) and then 5 times with 5-ml portions of 1 per cent KNOa solution. 
Finally wash the paper with cold 1 per cent KNOa until 10 ml of the 
last filtrate will not decolorize 1 drop (0.03 ml) of 0.1 A NaOH and 1 
drop of phenolphthalein indicator solution. This usually requires about 
10 washings more than are specified above. Direct the dilute KNOa 
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solution around the edge of the filter and then spirally down, and wait 
until the liquid has drained before washing again. 

Return the paper and the precipitate to the Erlenmeyer flask in which 
the precipitation took place, add 25 ml of water, 2 drops of phenol- 
phthalein indicator solution, and, from a buret or pi pet, 10 ml of 0.1 AT 
NaOH free from carbonate. This will usually be sufficient to dissolve 
all the yellow precipitate and leave the solution alkaline to phenol- 
phthalein. If necessary add more NaOII. Discharge the pink color by 
adding a measured volume of 0.1 AT HNO3 from a buret, and finish the 
titration by adding just enough more of the 0.1 iV NaOH to impart a 
pink color to the solution. 

The chemical equation that represents the dissolving of the precipitate, with the 
solution left neutral to phenolphthalein (cf. p. 471), is the following 

(NH 4 )sP 04 l2MoO, + 230H- 12 M 0 O 4 ” -f 3 NH 4 + + HPO 4 " -f 11H,0 

From this equation it is clear that 

IP o 12Mo o 230H’ 

and the milliequivalent weight of phosphorus by this method of analysis is P/23,000 
= 0.001349 g of phosphorus. 

Alternative Procedure. Use of Ammoniacal Ammonium 
Molybdate Reagent^ 

Treat 2 g of steel in a 300-ml Erlenmeyer flask with 50 ml of 6 iV 
HNO 3 . When the sample has dissolved add a slight excess of 2.5 per 
cent KMn04 solution (3-10 ml) to complete the oxidation. An excess 
is shown by the formation of Mn02 precipitate or a persistent perman- 
ganate color. Dissolve the precipitate and reduce the excess perman- 
ganate by adding a few drops of sulfurous acid, sodium sulfite, or alkali 
nitrite, and boil to expel oxides of nitrogen and sulfur. Cool to about 
70° and add 50 ml of ammonium molybdate prepared according to 
Johnson or to the A.S.T.M. formula (see p. 373). Stopper the flask, 
shake vigorously for 10 minutes, preferably mechanically, cool to 20° 
or below, and filter. Treat the precipitate as in the previous procedure. 

Modifications for Other Iron Alloys 

Cast Iron. Dissolve 0.5-1 g of sample in half the quantity of HNO» recommended 
above, but after the oxidation with KMn 04 filter through paper. 

Nickel, Chrome-Nickel, Stainless, and Similar Alloy Steels Containing neither 
Timgsten nor Vanadium. If the sample does not dissolve in dilute nitric acid, treat 

* SdtnplinQ CLtid Afiolysis of Carbon and Alloy Steels. Methods of the Chemists of 
the United States Steel Corporation as Revised to 1937. 
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2 g of steel with 60 ml of a mixture of equal parts concentrated nitric and concentrated 
hydrochloric acids, and to the solution add 20 ml of concentrated HC104 (48 per cent 
HClOi = 27 N). Evaporate to fumes of HCIO4 and continue heating 5 minutes to 
oxidize Cr to chromic acid and to dehydrate any silica. Cool somewhat, add 40 ml 
of water, filter, and wash with cold water. 

Add dropwise a saturated solution of SO2 until all the chromium and vanadium 
are reduced, and boil until the excess SO2 is expelled. With the filtrate at about 90®, 
add 60 ml of either of the slightly ammoniacal ammonium molybdate reagents (p. 
373) and shake well for 5 minutes. Filter and wash in the usual manner. 

High-Speed Steels or Other Steels Containing Tungsten and Vanadium. Treat 

3 g of steel with 60 ml of 4 AT HNOj. Add 30 ml of concentrated HCl and evaporate 
to dryness. Take up the residue in 20 ml of 6 AT HCl with gentle heating. Dilute 
to 100 ml with hot water and filter off the WOj. Evaporate the filtrate twice with 
20-ml portions of concentrated HNOs to expel the HCl, but be careful not to bake 
the residue. Carry the second evaporation to the point where the residue is sirupy, 
add 100 ml of 4 A^ HNOj, and filter. Wash the residue with cold water, and neutralize 
with 40 ml of 6 W NH4OH. Cool the solution to 15°; add 5 ml of approximately 
1.6 A^ ferrous sulfate solution (400 g FeS04-7H20 per liter) to reduce the vanadic 
acid and 2-3 drops of saturated sulfurous acid. Add 76 ml of the acid ammonium 
molybdate reagent, shake for 10 minutes, and allow to stand 4 hours or more before 
filtering off the yellow ammonium phosphomolybdate precipitate. 

In the above directions and throughout the book concentrated nitric acid refers 
to the 16 N acid of density 1.42 and concentrated hydrochloric acid to the 12 N 
acid of density 1.2. 

12. Determination of Boric Acid 

Free boric acid has no action upon methyl orange, consequently 
alkali borates may be titrated with hydrochloric and nitric acids, 
using this indicator; with sulfuric acid the results are not so satis- 
factory, for there is then no sharp color change. If phenolphthal- 
ein is used as the indicator, the red color fades gradually and the end 
point cannot be determined with certainty. If, on the other hand, 
sodium hydroxide is slowly run into an aqueous solution of boric acid 
containing phenolphthalein, after some time a pale pink color is notice- 
able which becomes deeper on the addition of more alkali. The first 
pink color is formed before all the boric acid has been neutralized, for 
sodium borate is perceptibly hydrolyzed. Free boric acid cannot 
be titrated by itself, but if, aa proposed by Jorgensen,^ a sufficient 
amount of glyceroP (or mannitoP) is added to the solution, the hy- 
drolysis is prevented, so that when 1 mole of NaOH is present for 1 mole 
of HaBOs the solution suddenly changes from colorless to red; probably 
a stronger acid is formed by the addition of the glycerol, the glyceryl- 
boric acid (C 3 H 6020 H)B( 0 H). 

1 Z. Nahrungm>., 9, 389, and Z. angew. Chem., 1897, 6. 

* Z. angew, Ckem,^ 1896. 549. 

» Jones, Am. J. Sci., [4] 7, 147 (1899). 
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If the solution does not contain sufficient glycerol the color change 
takes place too soon, as can be shown by the addition of more glycerol. 
If the red color disappears on adding the glycerol, more alkali is added 
until it reappears. The right end point is reached when the red color 
no longer disappears on the addition of glycerol. Inasmuch as com- 
mercial glycerol reacts acid, it must be just neutralized with alkali 
before being used for this determination. Furthermore, in order to 
obtain accurate results it is necessary that the solutions should be 
absolutely free from carbonate. 

Application. Determination of Boric Add in a7i Alkali Borate 
Free from Carbonate^ 

Dissolve about 30 g of the borate in water free from carbon dioxide, 
dilute to 1 1, and determine the total alkali in an aliquot part of 50 ml 
by titration with 0.5 hydrochloric acid, in the presence of methyl red 
as indicator. Take another 50 ml of the borate solution and exactly 
neutralize by the amount of hydrochloric acid found necessary by the 
previous titration; by this means the solution will contain free boric 
acid. After adding about 50 ml of glycerol, 1 g of mannitol (cf. p. 518), 
or 50 ml of approximately 55 per cent invert sugar solution, titrate 
the solution with 0.1 N sodium hydroxide and phenolphthalein as 
indicator. When the end point is reached, add 10 ml more of glycerol; 
and this usually causes the solution to become colorless. Again add 
sodium hydroxide and repeat the process until finally the addition of 
glycerol causes no further action upon the end point. 

If the borate contained carbonate, neutralize the portion taken for 
analysis with acid as before, then boil for a few minutes, taking the pre- 
caution of connecting the flask containing the solution with a return- 
flow condenser.2 After the carbon dioxide is expelled, wash down the 
sides of the condenser with water and titrate with sodium hydroxide. 

For the determination of boric acid in the presence of mineral acid,^ 
add an excess of potassium iodide and iodate. The mineral acid reacts 
with the iodide-iodate mixture and sets free iodine (cf. p. 149), but boric 
acid does not do this. Discharge the iodine color with dilute sodium 
thiosulfate, added dropwise and avoiding an excess. Then add 1-2 g 
of mannitol and titrate with 0.1 AT sodium hydroxide, with phenol- 
phthalein as indicator. 

If considerable mineral acid is present, neutralize the most of it with 
alkali hydroxide solution before adding the iodate-iodide mixture. 

^ M. Honig and G. Spitz, Z. angew. Chem.y 1896, 549. 

* The condenser serves to keep back any boric acid escaping with the steam. 

* Jones, loc. dt. 
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Determination of Bode Acid in Insoluble Silicates^ 

Fuse 0.5 g of a silicate such as glass with 3 g of Na 2 C 03 in a platinum 
crucible. Heat the mixture until the mass is liquid and continue heating 
for 2 or 3 minutes. Cool and treat the solid with 25 ml of water. Heat 
to gentle boiling, filter, and wash the residue with hot water until the 
last washings are nearly neutral to red litmus paper. Transfer the 
filtrate and washings to a 250-ml flask, add about 7 ml of concentrated 
HCl, heat nearly to boiling, and carefully add in small portions a slight 
excess of dry precipitated CaCOs. Connect with a reflux condenser 
and boil for about 10 minutes. Filter, and wash the residue at least 
8 times with hot water. Return the filtrate to the flask, add a little 
more CaCOa, heat to boiling, and connect with a filter pump through a 
splash trap. Remove the flame and continue the suction until the 
boiling has nearly ceased. Cool to room temperature, filter if the 
residue is reddish, add phenolphthalein indicator, and slowly introduce 
0.1 NaOH from a buret until the indicator shows a pink color. Add 
1 g of mannitol, shake, and continue titrating until the liquid is pink 
again. Add another gram of mannitol and more NaOH if necessary to 
impart a permanent color to the solution. 

Remark. The method is excellent for routine control but the results are a little 
low because of the retention of borate in the residues. 


13. Determination of Carbonic Acid 

(a) Determination of Free Carbonic Acid 

To determine the amount of free carbonic acid present in a dilute 
aqueous solution, add an excess of 0.1 A barium hydroxide solution, 
and determine the excess with 0.1 AT HCl, with phenolphthalein as an 
indicator: 

H 2 CO 3 + Ba(OH )2 = BaCOs + 2 H 2 O 
1 ml of 0.1 N HCl = 0.0022 g CO 2 

(h) Determination of Carbon Dioxide Present as Bicarbonate 

Titrate the solution with 0.1 iV HCl in the presence of methyl orange: 

NaHCOa + HCl = NaCl + H 2 CO 3 
1 ml of 0.1 AT HCl = 0.0044 g CO 2 

» Wherry and Chapin, J. Am. Chem. Soc., 30, 1687 (1908) ; Sullivan and Taylor, 
J. Ind. Eng. Chem., 6, 897 (1914). 



DETERMINATION OF CARBONIC ACID IN THE AIR 621 

(c) Determination of Carbon Dioxide Preservt as Carbonate 

Titrate with 0.1 iV HCl and methyl orange: 

NaiCOa + 2HC1 = 2Naa + H 2 CO 9 
1 ml of 0.1 HCl = 0.0022 g CO 2 

Dissolve an alkaline-earth carbonate in an excess of 0.1 AT acid and 
titrate back with 0.1 A^ acid. 

(d) Determination of Free Carbonic Add in the Presence of Bicarbonate 

Titrate one portion with 0.1 A^ HCl and methyl orange as indicator, 
and determine the amount of bicarbonate as under (b). 

Treat a second portion with an excess of barium chloride,^ then with 
an excess of barium hydroxide, and titrate the excess of the hydroxide 
with HCl, with phenolphthalein as indicator. If the volume of 0.1 N 
acid used for the first titration is deducted from the volume of 0.1 AT 
barium hydroxide solution found to be necessary in the last titration, 
the difference multiplied by 0.0022 will give the amount of free car- 
bonic acid. 2 

(e) Determination of Alkali Bicarbonate in the Presence of Carbonate 

See p. 498. 

14. Determination of Carbonic Acid in the Air. Method of Pettenkofer 

Principle. A large, measured volume of air is treated with an excess of titrated 
barium hydroxide solution whereby the carbon dioxide is quantitatively absorbed, 
forming insoluble barium carbonate. Phenolphthalein is tulded, and the excess of 
barium hydroxide is determined by titration with hydrochloric acid until the solu- 
tion is colorless. From the amount of base used to absorb the carbon dioxide, 
the amount of the latter is calculated, 1 ml of N Ba(OH )2 = 0.022 g COa = 11.13 
ml of CO 2 gas at 0° and 760 mm pres.sure. 

Requirements. 1. A calibrated bottle of 5-1 capacity. 

2. Standard solutions of barium hydroxide and hydrochloric acid. Prepare the 
acid so that 1 ml = 0.25 ml CO 2 at 0°C and 760 mm pressure; this is accomplished 
by diluting 224.7 ml of 0.1 A hydrochloric acid to 1 1. The barium hydroxide 
solution should be of about the same strength. 

Procedure. Place the dry bottle, with its capacity etched upon it, in 
the space from which the air is to be taken; change the air in the bottle 

^The addition of barium chloride is necessary only when free carbonic acid is 
titrated in the presence of alkali bicarbonates. Without it free alkali would then 
be formed; NaHCO, + Ba(OH )2 = BaCO, + H 2 O + NaOH. 

* This method cannot be used when magnesium salts are present. 
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by making about 100 strokes with a bellows, which is connected with a 
piece of rubber tubing reaching to the bottom of the bottle. Stopper 
the bottle with a rubber cap, and note the temperature and barometer 
readings. 

By means of a pipet, introduce 100 ml of barium hydroxide solution 
into the bottle, replace the rubber cap, and gently shake the solution 
back and forth in the flask for 15 minutes. Pour the turbid liquid into 
a dry flask, pipet out 25 ml, add phenolphthalein, and slowly run in 
hydrochloric acid with constant stirring until the solution is colorless. 
This requires n ml, so that, for the 100 ml of base, 4 X n ml would be 
necessary. Determine the strength of the barium hydroxide in terms 
of acid; 25 ml of barium hydroxide neutralizes T ml of the standard 
hydrochloric acid, or 100 ml would neutralize 4 X T ml of acid. 

Calculation. Assume the contents of the bottle to be V ml at T C 
and B mm pressure. By the introduction of 100 ml barium hydroxide 
solution the same volume of air was replaced, so that the amount of 
air taken for analysis amounts to (P — 100) ml at ^ C and B mm. At 
0°C and 760 mm pressure the volume is 

^ (P - 100)^ X 273 
- 760 X (273 + t) 

One hundred milliliters of barium hydroxide solution requires 4 T ml 
HCl, while 100 ml of the alkali after treatment with Po ml of air requires 
4 n ml of the acid, and this corresponds to 4(T — n) • 0.25 - {T — n) 
ml CO 2 at 0°C and 760 mm pressure. 

The volume of CO 2 present in 1 1 of air measured at standard con- 


ditions amounts to 


1000 • (T - n) 
Po 


ml of CO 2 . 


16. Persulfuric Acid 


1000 ml of 0.1 N Potassium Hydroxide = 


K2S2O8 

20 


If an aqueous solution of either potassium, sodium, or barium persulfate is boiled 
for some time, the salt is decomposed in accordance with the equation: 

2K2S2O8 -h 2H2O = 2K2SO4 + 2H2SO4 + Oa 

into neutral sulfate and free sulfuric acid. The acid can be titrated with 0.1 ^ 
potassium hydroxide solution. 

Procedure. Place about 0.25 g of the persulfate in an Erlenmeyer 
flask, dissolve in about 200 ml of water, and boil the solution for 20 
minutes. Cool, add methyl orange, and titrate the solution with 0.1 AT 
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potassium hydroxide. Or add an excess of the alkali and titrate with 
0.1 N acid. 

The results correspond with those obtained by the ferrous sulfate 
method (cf. p. 563) provided that the persulfate is not contaminated 
with potassium bisulfate. 

Remark. Ammonium persulfate cannot be analyzed by the above method 
because, when a solution of this salt is boiled, two reactions take place. The prin- 
cipal reaction, to be sure, is 

2 (NK^)S 20 , + 2H2O = 2(NH4)2S04 + 2H2SO4 + Oa 

but the oxygen is evolved to some extent in the form of ozone, whicrh oxidizes a 
part of the nitrogen, so that, besides sulfuric acid, the solution will contain more 
or less nitric acid : 

8(NH4)2S208 + 6HaO = 7(NH4)aS04 + 9H2SO4 + 2HN08 
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Oxidation and reduction processes are those in which the substance 
analyzed is either oxidized or reduced by means of the solution with 
which the titration is made. When hydrogen is oxidized by oxygen 
it is changed from the neutral condition to that of a positive valence (or 
polarity) of 1 and oxygen is reduced from the neutral condition to a 
negative valence (or polarity) or 2. In this, and all other cases, the 
equivalent weight of the element used in an oxidation-reduction reaction 
is the atomic weight divided by the change in polarity. When an atom 
in any complex molecule is subjected to a change in polarity (oxidized or 
reduced) the equivalent weight of the compound is the gram-molecular 
weight divided by the change in polarity of the oxidized or reduced ele- 
ment. If more than 1 atom of the reactive clement is present in the 
molecule, the molecular weight is divided by the total change in polarity, 
that is, by the change in polarity multiplied by the number of atoms 
undergoing such change (cf. p. 450). 

Potassium dichromate is one of the well-known oxidizing agents used 
in volumetric analysis. It reacts, for example, with ferrous, stannous, or 
titanous salts and is reduced, thereby, to trivalent chromic salt. Equa- 
tions for the reduction of the dichromate ion and oxidation of ferrous 
ion, etc., have been given on p. 450. Expressed in terms of electrons, e, 
the equation for the reduction of dichromate can be written 

CraOr"' + 14H+ + 6e = 2Cr-»^ + THgO 
and that of the oxidation of ferrous ion 

Fe++ - e = Fe++-^ 

These equations represent what actually takes place when the reduc- 
tion of the dichromate is accomplished at the cathode and the oxidation 
of the iron is brought about at the anode of an electrolytic cell. There 
are 6.06 X 10^ actual atoms of iron in a gram atom, and if we multiply 
the actual charge of the electron by 6.06 X 10^ we obtain the value 
96,500 coulombs which is called a Jaraday. When 6 faradays of elec- 
tricity pass through an electrolytic cell containing an acid solution of 
dichromate at the cathode and a ferrous salt at the anode, 1 mole of 
dichromate can be reduced and 6 moles of ferrous iron can be oxidized. 

624 
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The above equations, therefore, show that the equivalent weight of 
dichromate is one-sixth of its molecular weight and that of ferrous ion is 
one atomic weight. The equation 

CraOr" + 6Fe++ + 14H+ -> 2Cr+++ + 6Fe+++ + THaO 

represents six equivalent weights of both dichromate and iron. 

The two following tables show the change in polarity of some of the 
more common oxidizing and reducing agents. In these tables M signi- 
fies the weight of 1 mole. 


COMMON OXIDIZING AGENTS 


Reagent 

Polarity 

Change 

Gain in 
Electrons* 

Equivalent 

Weight 

CI 2 

0 to —1 

2 e 

M/2 

Bra 

0 to -1 

2e 

M/2 

h 

0 to -1 

2e 

M/2 

K 2 Cr 207 

Crvi to Crni 

6 e 

M /6 

KMn04 

Mnvii to Mn+^ 

5e 

M/5 

KMnO* 

Mnvii to Mniv 

3e 

M/3 

KBrOj 

Brv to Br 

6 e 

M /6 

KIO 3 

Iv to 1 “ 

6 e 

M /6 

KCIO, 

Civ to cr 

6 e 

M /6 

Cu 

Cu++ to Cu+ 

le 

M 

Na20a 

Oa'^ to 20 ’“ 

2e 

M/2 

coned. HNO| 

Nv to NOa 

le 

M 

HNO, 

Nv to NO 

3e 

M/2 

HaOa 

Oa” to 20 - 

2e 

M/2 


COMMON REDUCING AGENTS 


Reagent 

Polarity 

Change 

Loss in 
Electrons 

Equivalent 

Weight 

FeS 04 (or any ferrous 

Fe++ to Fe+++ 

le 

M 

salt) 

SnCla 

Sn» to Sniv 

2e 

M/2 

HI 

r to r 

le 

M 

Zn 

Zn^* to Zn++ 

2e 

M/2 

H 2 O 2 

O 2 to Oa® 

2e 

M/2 

H 2 S 

S-2 to S° 

2e 

M/2 

C204'" 

0204 ” to 2 CO 2 

2e 

M/2 

SzOj"" 

2 S 2 O,- to S 4 OS- 

2e 

M of NaaSaOi 

HAsOs"" 

Asin to Asv 

2e 

M/2 

SOj— 

Siv to Svi 

2e 

M/2 

AsaOs 

As“* to Asv 

4e 

M/4 

TiCls 

Tiwi to Ti»v 

le 

M 

Fe 

Fe® to Fe++ 

2e 

M/2 

Fe dissolved in acid 

Fe++ to Fe-^++ 

le 

M 


♦ The letter e is used in this book to designate a milliequivalent and also, as in this table, to designate 
an electron. In oxidation-reduction reactions the milliequivalents are determined by the loee or gain 


of electrons as the table shows. 
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From these tables of equivalent weights it is easy to write equations 
and compute results. It is not necessarily true that there will be a 
definite reaction between any given reducing agent and any oxidizing 
agent. Thus the oxidation of S2O3 to S4O6 will go easily with iodine 
solution but does not take place in the same way with permanganate 
although permanganate can be standardized indirectly against thio- 
sulfate by allowing the permanganate to liberate I2 from KI in acid 
solution and titrating the liberated I2 with thiosulfate. Under certain 
conditions, HAsOa"' can be oxidized to HAs()4~~ by Mn04~ in acid 
solution. The tables show that HASO3/2 and Mn04/5 are equivalents; 
therefore, 

SHAsOa”” + 2Mn04" + 6H+ 5HAs04““ + 2Mn^ -f- SHjO 

In such equations, when the oxidizer and reducer have been balanced 
and the proper products placed on the right-hand side, if there are then 
more positive charges on the right than on the left, add the requisite 
number of to the left side. If there are already more positive 
charges on the left, add water and form therefrom on the right. One 
must bear in mind, however, the conditions under which the reaction 
takes place and not form on the right if the solution is kept alkaline 
or use on the left if the solution is alkaline. In such cases OH" can be 
formed on the right or added to the left side of the equation. Sometimes 
H2O should be added to one side of the equation and H+ or OH" on the 
other. 


ELECTROCHEMICAL THEORY OF OXIDATION-REDUCTION 

Some of the reactions of acidimetry and alkalimetry are best under- 
stood by considering the ionization constants of the acids and bases and 
by applying the mass-action principle to the ionization of weak acids 
and bases. The strength of an acid, or of a base, can be expressed either 
in terms of these ionization constants or of the pH values of solutions of 
the same normal concentration. Thus if we were to take tenth-normal 
solutions of all acids and bases, measure the pH value of each of these 
solutions, and make a table arranging these acids and bases in order 
corresponding to increasing pH, we should find at the top of the table 
the strong mineral acids, HCl and HNO 3 , with a pH of nearly 1 in tenth- 
normal solution, and at the bottom of the table the alkali hydroxides 
with a pH of nearly 13 . 

In such a table, we would find that the pH of a tenth-normal solution 
of an acid becomes larger as the ionization constant diminishes and the 
pH of a tenth-normal solution of a base becomes smaller as its ionization 
constant diminishes. 
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A salt of a weak acid added to a solution of a stronger acid raises the 
pH value ; for example, we find that sodium acetate added to a solution 
of hydrochloric acid reduces the hydrogen-ion concentration and in that 
sense neutralizes the hydrochloric acid. When the difference in the 
ionization constants of two acids varies by about 10^ it takes only a very 
small quantity of the stronger acid to furnish as many hydrogen ions as 
a fairly large quantity of the weaker acid does, and we can titrate all 
of the stronger acid before an appreciable quantity of the weaker acid 
reacts with the added base; if at some part of the solution some of the 
weaker acid is neutralized, the salt formed will at once enter into equilib- 
rium with the hydrogen ions from the stronger acid, so that the final 
effect will be that only the strong acid is neutralized at the first end point. 

In considering the reactions of oxidation-reduction it is useful to 
prepare a table to show the relative strengths of the various oxidizing 
and reducing agents. Just as all acids and bases can be classified in a 
common table on the basis of the pH values, so it is possible to prepare a 
single table which will show the tendency of each substance to undergo 
oxidation or reduction. Such a table can be called a potential series. 
It has been called a table of oxidation potentials. Just as we could use 
the concentration of OH“ as a basis of comparing dilute solutions of 
acids and bases instead of the concentration of H"^, because the product 
[H+1 X [OH~] is equal to 10 in every solution at room temperature, 
so we can call the table one of reduction potentials since oxidation is just 
the opposite to reduction and all we have to do is to change the sign. 
In some textbooks, the same table is called one of electrode potentials. 
Whatever the table may be called, it is customary to place the strong 
reducing agents at the top of the list and end with the strong oxidizing 
agents. Thus, in considering the free elements with respect to their 
tendencies to undergo oxidation or reduction, we place the alkali metals 
at the top and the non-metal oxygen followed by fluorine at the bottom. 

It has already been pointed out that a substance is said to be oxidized 
or reduced when some atom it contains has undergone a change in 
polarity. Oxidation results when the polarity Ls increased, and reduction 
when the polarity is decreased. In terms of the electron theory, an 
increase in polarity means the loss of one or more electrons by an atom. 
Our definition of oxidation, therefore, has lost its original significance 
of necessarily having something to do with oxygen. The atom of 
oxygen is believed to consist of a nucleus around which eight electrons 
are circulating, probably in elliptical orbits. The path of the first two 
electrons, like that of the electrons around the helium nucleus, lies closer 
to the nucleus than that of the other six electrons, and we say that oxy- 
gen belongs in Family VI of the periodic table. When oxygen enters 
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into combination with another element to form an oxide other than a 
peroxide, it accepts two electrons from the other element. Even if 
there is no ionization of the oxide molecule, it is reasonable to assume 
that the oxygen is negative with respect to the other element and that it 
has become negative by receiving electrons. Thus, in the water mole- 
cule, we are accustomed to think of the hydrogen as being positive to 
the oxygen although the electron of each hydrogen atom may be merely 
shared with the oxygen. Whenever, therefore, any atom gives up one 
or more of its electrons to some other atom, or even if it merely shares 
one or more of its electrons with some other atom, the atom to which 
the electron or electrons originally belonged is said to be oxidized and 
the element offered the electron is said to be reduced. 

This electronic conception of oxidation and reduction makes it easy 
to see why an oxidation is always accompanied by a reduction. A 
transfer of electrons takes place whenever an electric current flows 
through an aqueous solution containing an electrolyte. At the anode, 
where electrons pass from the solution to the wire, some substance is 
oxidized. This oxidation may be the liberation of oxygen gas, the libera- 
tion of halogen gas, the dissolving of a metal electrode, the deposition of 
a higher oxide such as Pb02 or Mn02 upon the anode, or the oxidation of 
some substance present in the electrolyzed solution such as a ferrous 
salt. At the same time that an oxidation takes place at the anode, elec- 
trons enter the solution at the cathode and a reduction takes place. 
This reduction may be the deposition of copper upon the cathode, the 
liberation of hydrogen gas, or the reduction of some substance in solu- 
tion such as ferric salt, permanganate, or chromate. The only difference 
between oxidation and reduction of a titration and that of an electrolysis 
is that the reactions take place side by side in a titration and at some 
distance apart during electrolysis. Moreover, a chemical reaction of 
oxidation-reduction can be used as a source of an electric current, as will 
be explained. 

If we place a piece of zinc in a solution of zinc sulfate and a piece of 
copper in a solution of copper sulfate and connect the two solutions by 
means of an inverted U-tube containing ammonium chloride solution, 
there will be no appreciable reaction until the copper and zinc are con- 
nected by a wire outside the solutions. Then a current will flow, elec- 
trons will pass from the wire to the solution and deposit copper, and 
electrons will leave the zinc and pass to the wire, forming zinc ions in the 
solution. The zinc, according to our definition, is oxidized and the 
copper is reduced; the two reactions take place simultaneously, and 
the effect is the same as if the piece of zinc were placed directly in the 
copper sulfate solution except that then we would not get any evidence 
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of an electric current. In precisely the same way we can produce an 
electric current by making use of the reaction between potassium 
dichromate and some substance that it oxidizes, such as hydrogen 
sulfide or ferrous chloride. To get the electric current in a wire, we 
must place the acid solution of dichromate in one vessel and the hydro- 
gen sulfide or ferrous salt in another. We must provide some indifferent 
electrolyte between the two solutions, and place an insoluble electrode 
in each solution. Then, as soon as the electrodes are connected by a 
wire, a current will flow. The dichromate will be reduced in one vessel 
and the hydrogen sulfide or ferrous salt will be oxidized in the other, and 
the final effect will be exactly the same as if the dichromate solution were 
added directly to the solution of the ferrous salt. 

The potential series of the elements, therefore, can be expanded to 
include almost every reaction of oxidation or reduction, although, to be 
sure, it is sometimes difficult to measure the electrode potentials and 
many of them are not known with any degree of exactness. The meas- 
urement of the potentials is usually accomplished by measuring the poten- 
tial difference between two electrodes of which one is a standard half- 
cell of definitely known potential. 

These potentials enable one to predict whether a given oxidation is 
likely to take place to completion so that it can be used in quantitative 
analysis. They do not tell, however, whether the speed of the reaction 
is sufficiently high to make the process satisfactory. Thus perman- 
ganate should be able to oxidize the reduced forms of substances listed 
about 0.15 volt higher in the table, but often the reaction takes place too 
slowly, as in the reaction with oxalic acid at room temperature. The 
presence of a catalyst is often needed. 

The mass-action law applies to every oxidation-reduction reaction, 
and it is important that the beginner should understand this applica- 
tion. The potential of a metal against a solution of its ions is governed 
by the mathematical expression 


£^80 = - f - 


0.060 

n 


log c 


when Esq is the observed electrode potential at 30®, Eq is the potential 
given in the table (corresponding to the potential of the metal in a molal 
solution of its ions) , n is the change in polarity, and c is the concentration 
of the ions expressed m moles per liter. The value 0.060 is a constant 
which varies with the absolute temperature; at 25® it is 0.059 and at 18® 
it is 0.058. The equation shows that the observed oxidation potential 
grows smaller by 0.060 volt for a change of valence of one, or 0.030 volt for 
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a valence change of two, when the concentration of the ions in the solu- 
tion is 0.1 molal instead of molal. This means that the metal is easier 
to oxidize when the solution does not contain many of its ions and 
harder to deposit by electrolysis. 

The student may notice that the above equation is sometimes written with a 
negative sign on the right-hand side. It is a purely arbitrary decision whether a 
given potential is called positive or negative with respect to hydrogen, and depends 
entirely on the definition of what is meant by positive. The chemist usually thinks 
of the elements at the top of the column as positive elements, but in making up an 
electrolytic cell, the positive-to-negative direction of the current in the toire is always 
from the lower to the higher member of the series. Thus, in the Daniell cell, 
the physicist considers the zinc immersed in zinc sulfate solution the negative 
element and the copper immersed in copper sulfate solution the positive element. 
Zinc is positive to copper in the solution, and copper is positive to zinc in the wire. 
When the signs are changed the oxidation potential becomes the reduction potential. 
With reduction potentials the above equation becomes 

^ „ 0 . 060 , „ „ 0 . 060 , 1 

Eto = Eo log c or Em Eo log - 

n nc 

The following table gives the oxidation potentials of some of the 
common substances which easily undergo oxidation or reduction. Some 
of the potentials are not known exactly, but the relative position in the 
table is right in most cases. The values of Eo apply when the concen- 
trations of both the oxidized and reduced forms are equal to 1 molal. 
If the hydrogen ion enters into the reaction, the values correspond to the 
presence of sufficient hydrogen ions to make the solution molal. The 
concentration of water is assumed to be constant and not changed 
appreciably by the progress of the reaction. The letter e in the equilib- 
rium expressions represents a “ gram electron or electricity corre- 
sponding to 1 faraday = 96,500 coulombs or 26.82 ampere-hours. 

The electrode reaction for a simple case of oxidation-reduction in which 
no other substance participates can be written 

Ox -f n e ^ Red 

when Ox represents one mole of the oxidized form. Red one mole of 
the reduced form, n the change in polarity, and e the electron (faraday 
in case of the gram atom). The equilibrium between a metal and its 
ions is a special case in which the metal represents the reduced form, 
and since the metal as such is insoluble in water, its concentration does 
not enter into consideration. The equilibrium is the same whether we 
take a wire or a thick rod of the metal. If, however, the substance 
exists to an appreciable extent dissolved in the solution, the concentra- 
tion of both Ox and Red has an effect upon the final state of equilib- 
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NORMAL OXIDATION POTENTIALS 


Oxidized 

Form 

Reduced 

Form 

Change 

in 

Polar- 

ity 

Electrode Reaction 

Normal 
Potential 
or Eo in 
Volts 

Li+ 

Li 

1 

Li+-fc Li 

-3.02 

Rb-^ 

Rb 

1 

Rb++e Rb 

-2.93 

K+ 

K 

1 

K++e f:±K 

-2.92 

Sr++ 

Sr 

2 1 

Sr-^++ 2 e Sr 

-2.92 

Ba++ 

Ba 

2 

Ba++-f 2 e Ba 

-2.9 


Ca 

2 

Ca +++26 5=±Ca 

-2.7 

Na+ 

Na 

1 

Na++e ^ Na 

-2.7 

Mg++ 

Mg 

2 

Mg+^+2e 4=:^ Mg 

-2.40 

A1+++ 

A1 

3 

Al+++4-3e A1 

-1.7 

Be++ 

Be 

2 

Be++ +2e i=^- Be 

-1.69 

U++++ 

U 

4 

0++++_|_4e ^ U 

-1.4 

Mn++ 

Mn 

2 

Mn++-f- 2 e ^ Mn 

- 1.1 

HaO 


1 

HjO+e i=! HH,+0H‘ 

-0.83 

Zn++ 

Zn 

2 

Zn+++2e i:::i Zn 

-0.76 

Cr-M- 

Cr 

2 

Cr++-h2e Cr 

- 0.66 

S 

s- 

2 

S+2e 

-0.65 

Ga+++ 

Ga 

3 

Ga++++3e ?=! Ga 

-0.5 

Fe++ 

Fe 

2 

Fe'^'*‘+2e ^ Fe 

-0.43 

Cr+++ 

Cr++ 

1 ' 

Cr+++-i-e T=^ Cr"*^ 

-0.4 

Cd++ I 

Cd 1 

2 

Cd+++2e ^ Cd 

-0.4 

In+++ 

In 

3 

In+^-^+e In 

-0.38 

T 1 + 

T1 

1 

Tl+4-e T1 

-0.34 

Co++ 

Co 

2 

Co+''’ 4 - 2 e ^ Co 

-0.29 

Ni++ 

Ni 

2 

Ni+++2e 5=i Ni 

-0.23 

SbO+ 

Sb 

3 

SbO++2H+H-3e -> Sb+HaO 

- 0.21 

y+++ 

V++ 

1 

V++++e V++ 

- 0.2 

COa 

>iH2Ca04 

1 

COa+H+H-e 4 ::^ HII 2 C 2 O 4 

- 0 . 2 ? 

Sn++ 

Sn 

2 

Sn++4-2e ^ Sn 

-0.14 

Pb++ 

Pb 

2 

Pb+^H-2e ^ Pb 

- 0.12 

CbO,- 

Cb+++ 

2 

CbO,~+6H++2e Cb+-^+4-HaO 

- 0 . 1 ? 

H- 

HHa 

1 

H+-I-C i^Ha 

- 0.00 

SO 4 — 

S-- 

8 

S 04 --+ 8 H++ 6 e 4=^ S+ 4 H 2 O 

? 

H 2 M 0 O 4 

Mo+++ 

3 

H2Mo044-6H++3e 4=i M 0 ++++ 3 H 2 O 

0.0? 

Ti++++ 

Ti-H-+ 

1 

TiO+++e 4=i 

+0.04 

TiO++ 

Ti+++ 

1 

TiO+++2H++e ;=i Ti+^+^+HaO 

+0.04 

WO+++ 


1 

WO+'*'+H-2H+-he 4=± W+^^+HaO 

+0.1? 

3^S40ft— 

SaOs 

1 

HS 404 “+e ^ SaOa" 

+0.13 

S 04 -- 

HsSO, 

2 

SO 4 --+ 4 H++ 2 C 4=± HzSOa+HaO 

+0.14 

Sn++++ 

Sn++ 

2 

Sn++++4-2e Sn++ 

+0.14 

S® 

HaS 

2 

S°H-2H+-h2e HaS 

+0.17 

Bi+++ 

Bi 

3 

Bi++++3c — Bi 

+0.2 

IPtCUI" 

Pt 

2 

[PtCl4]‘~+2e-^Pt+4Cr 

+0.2 
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NORMAL OXIDATION POTENTIALS — Continued 


Oxidized 

Form 

Reduced 

Form 

Change 

in 

Polar- 

ity 

Electrode Reaction 

Form 

Normal 
Potential 
or Eo in 
Volta 

Sb+++ 

Sb 

3 

Sb+++-b3€ Sb 

-1-0.2 

AgCl 

Ag+ 

1 

AgCH-e?=^Ag+-fCr 

-1-0.23 

y+++ 

V++ 

1 

V++++6 V++ 

-0.2 




Normal calomel electrode at 25° 

+0.285 

As+-*^* 

As 

3 

A8+++-1-3c ^ As 

+0.3 

(H.WO.) 

WO++^ 

1 

H.W04+4H+H-e WO+++-f 311.0 

+0.3? 




Decinormal calomel electrode at 25° 

+0.338 

Cu++ 

Cu 

2 

Cu++-h26 Cu 

+0.34 

UO 3 ++ 

U++++ 

2 

U02+++4H+-h2e 4=± U+++++2HjO 

+0.36 

MO. 

OH" 

2 

M02+H20-l-2e 20H* 

+0.40 

[PtCle]- 

IPtCLl" 

2 

(PtCl,r'+2c i=± [PtCl.l-+ 2 Cr 

+0.4? 

VO++ 

V+++ 

1 

V0+++2H-»-+c V+++-I-H 2 O 

+0.4 

HVO, 

V++ 

3 

HV03+H+-f-3e V+++3H.0 

+0.4? 


CuCL- 

1 

Cu+++2Cr-l-e CuCl.- 

+0.46 

H.SO, 

s 

4 

H.SO.-b4H+-h4c S+ 3 H 2 O 

+0.47 

Fe(CN)« — 

Fe(CN)6'““ 

1 

Fe(CN)6"’+6 FeCCN). 

+0.49 

CO. 

C.O 4 - 

2 

2 C 02 + 2 e^ C 2 O 4 — 

? 

H.Mo04 

M 0 O+++ 

1 

H 2 Mo 04 + 4 H++e -> M 0 O+++ 





+ 3 H 2 O 

+0.5 




Methylene blue at pH 2.86 

+0.53 

Mia 

1“ 

1 

Mla+e r 

+0.54 

TT CJViD. 

TT.ShO. 

2 1 

Il5Sb04+5H++2e Sb++++4H20 

1 ? 

XlgOPW4 

xl3oDvy3 

^ 1 

H 3 Sb 04 +H 20 + 2 e^ H 3 Sb 03 + 201 I- 

J ^ 

H 3 ASO 4 

HaAsO. 

2 

H3As04+2H++2e HsAsOa-f H.O 

+0.57 

Mn04" 

MnO. 

3 

Mn04"+2H20-|-3e -> Mn02+40H" 

+0.59 

MnOg" 

MnOr" 

1 

Mn04~+e ^ Mn 04 

+0.66 

HNO. 

NO 

1 

NOa"+2H++e ^=± NO+H.O 

+0.7? 

C 4 H 4 O. 

C6H4(0H2) 

2 

CeH 402 + 2 H++ 2 e — C6H4(OH). 

+0.70 




quinhydrone electrode 


H,SeO, 

Se 

4 

H 2 Se 03 + 4 H+-l- 4 e Se+3HaO 

+0.74 

Fe+++ 

Fe++ 

1 

Fe++++e Fe+-»- 

+0.75 

MHg.-^+ 

Hg+ 

1 

MHg.+++e 4=^ Hg 

+0.80 

Ag+ 

Ag 

1 

Ag+-l-e Ag 

+0.80 

Pd++ 

Pd 

2 

Pd+++2e 4=± Pd 

+0.82 

Hg++ 

Hg 

2 

Hg++H-2e Hg 

+0.86 

Hg++ 

MHg.++ 

2 

Hg+++6 ^MHg.-^+ 

+0.90 

HVO. 

V0++ 

1 

V03"-f4H+-be 4=^ V0+++2H.0 

+0.92 

DU. HNOs 

HNO. 

2 

NO."-h2H+-l-2e 4=i NOa'-j-HaO 

+0.9 

Cone. HNO. 

NO. 

1 

NO,-H-2H++e 4=± NOa+HaO 

? 

MBr, 

Br 

1 

MBra+e 4=i Br~ 

+1.07 

0. 

H.O. 

2 

02+2H+4-2e HaOa 

+1.08 

10.- 

I" 

6 

IO,“+6H+-|-6e ?=± r+SHaO 

+1.09 
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NORMAL OXIDATION POTENTIALS — Continued 


Oxidized 

Form 

Reduced 

Form 

Change 

in 

Polar- 

ity 

Electrode Reaction 

Form 

Normal 
Potential 
or Eo in 
Volts 

H^SeO. 

HaSeOj 

2 

H 2 Se 04 + 2 H++ 2 e -> HaSeOj+HjO 

+ 1.09 

Cl^Or" 

2Cr+++ 

0 

CrzOf- +1411+ +6e 2Cr+++ 

+ 7 H 2 O 

+1.195 

10 , 

yiu 

5 

IOr+6H++5« MI,+3H,0 

+ 1.20 

Au+++ 

Aii^ 

2 

Au++++2c Au+ 

+ 1.2 

V202 

H 2 O 

2 

H02+2H++2e4=tH20 

+ 1.23 

MnOa 

Mn++ 

2 

Mn02+41I++2e 4=^ Mn+++2H20 

+1.33 

C104~ 

cr 

8 

C104“+8H++8e 4=± Cr+4H,0 

+ 1.35 

34Cb 

cr 

1 

1 ^Cb+c Cl- 

+ 1.36 

Au+-»-+ 

Au 

3 

Au++++3c 4=iAu 

+ 1.36 

BrOs" 

Br" 

6 

Br 03 "+ 6 H++( 5 e 4=^ Br’+SHaO 

+ 1.42 

Ce++++ 


1 

(2;e++++_^e ^ Ce++^ 

+1.45 

CIO 3 " 

cr 

6 

C103"+6H++6e Cr + SHaO 

+ 1.45 

BrOa " 

Br~ 

6 

Br 03 "+ 6 U++ 6 e 4=± Br-+3H20 

+ 1.48 

BrO,“ 

MBra 

5 

Br 03 "+ 6 H++ 5 e 4=^ >^Br2+3HaO 

+ 1.49 

Au*** 

Au 

1 

Au++e Au 

+ 1.5 

MnOr 

Mn++ 

5 

Mn 04 "+ 8 H++ 5 e Mn+++4H20 

+1.52 

MnOr 

Mn02 

3 

Mn 04 ‘+ 4 II++ 3 e 4-± Mn02+2H20 

+ 1.58 

S2or 

2 SO 4 "" 

2 

S20,"'+2e ^=±2804 

? 

PbOa 

PbS04 

2 

Pb02+4H++S04"'+2e PbS04 
+ 2 H 2 O 

+1.68 

Co+++ 

Co++ 

1 

C 0++++6 Co++ 

+ 1.82 

lor 

10 ,- 

2 

I04~+2H++2e“ -> lOa’+HaO 

? 

H 2 O 2 

H 2 O 

2 

H202+2H++2e 4=^21120 

+1.9 

NaBiO, 

Bi+++ 

2 

NaBi08+GH++2e Na++Bi+++ 
+ 3 H 2 O 

? 

J^Fa 

F“ 

1 

I^Fa+e 4 ^ F 

+2.8 


rium. With these concentrations in moles per liter expressed as [Ox] 
and [Red], the expression for the normal potential becomes 


Ezq = Eq + 


0.060 

n 


log 


[Ox] 

[Red] 


The value Eo is that given in the table where it is assumed that each 
concentration is that of a molal solution. Then since [Ox] = [Red] and 
the log of 1 = 0, the second term disappears and Ezo = Eq. 

Rydrogen or hydroxide ions take part in the reaetion they also 
influence the final state of equilibrium. Thus, in the reaction H! 8 As 04 -f- 
2H+ + 2e HsAsOs + H 2 O, the potential is determined by the 
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equation: 


Ezq ~ -^0 


0.060 . [H 3 ASO 4 ] [H+]* 
[H,AsOT“ 


and in the reaction Mn04 + SH"*" + 5 e < 
is determined by the equation 

0.060 , 

Ezq — Eq -\ log 

5 


Mn++ + 4H2O the potential 

[MnOn [H+]« 

[Mn++] 


In these last two equations it is not necessary to take the H2O into con- 
sideration because when the reaction takes place in a dilute solution the 
concentration of the water does not change appreciably as a rMult of the 
progress of the oxidation and reduction. The concentration of the 
hydrogen ions determines the final state of equilibrium to a marked 
degree in the above reactions. Thus, in a strongly acid solution, 
arsenic acid can be reduced (juantitatively to arsenious acid by means 
of potassium iodide, but in a slightly alkaline solution, arsenite can be 
oxidized completely to arsenate by iodine. The above arsenate-arsemte 


equation can be written 


Ezq — Eq -\- 


,060 [H 3 A 8 O 4 ] 

[H 3 ASO 3 ] 


’ 0.060 

2 


0.060 


log m 


and in this form can be used to calculate the effect of changes in hydro- 
gen-ion concentration or to calculate the effect of changes in the [H3ASO4] 
to [H3ASO3] ratio at a definite concentration of hydrogen ions. 

With permanganate, the reduction products are different at different 
concentrations of hydrogen ions. Thus in acid solutions, Mn++ is the 
usual product; in neutral or slightly alkaline solutions Mn02 is usually 
formed; and in strongly alkaline solutions green Mn04 is sometimes 
obtained. 


A. POTASSIUM PERMANGANATE METHODS 


Manganese, from the standpoint of oxidation-reduction reactions, is an inte^ting 
element. The potentials relating to the various valence states are given m the 
following table: 

Reaction Vomb 


(а) Mn = Mn++ + 2e 

(б) MnOa + 40H" = MnOr" + 2H*0 + 2e 

(c) MnOa + 40H" = Mn 04 " + 2HaO -f- 36 

(d) Mn 04 “" = Mn04' + e 

(6) Mn+++ + 2 H 2 O = MnOa + 4H+ -H e 

(f) Mn++ -h 2HaO = MnOa + 4H+ -h 2e 

(g) Mn++ * Mn+++ + « 

(k) Mn++ -f 4HaO « Mn 04 " + 8H+ + 5e 
(t) MnOs + 2HaO = Mn 04 " + 4H+ -h 3e 


- 1.1 

-1-0.57 

-1-0.69 

+0.66 

+1.2 

+1.33 

+ 1.6 

+1.62 

+1.63 
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In the table, the letter e signifies the electron, or the transfer of 1 faraday (96,500 
coulombs) if the gram atom or gram molecule is understood. Black-faced type 
signifies that the substance as such is insoluble. 

The formation of a manganous salt from metallic manganese is indicated by 
equation (a). The normal potential of --1.1 volts indicates that the metal is oxidized 
a little more easily than zinc and somewhat less readily than aluminum (which is 
unprotected by an oxide film). Dilute acids, therefore, dissolve the metal with the 
evolution of hydrogen and the formation of bivalent manganous salt. Nitric acid, 
aqua regia, or halogens in the presence of a strong acid are incapable of oxidizing 
the manganous salt. The bivalent manganous salts, although slightly colored in 
the form of hydrated crystals, yield colorless solutions. 

Salts of trivalent manganese, called manganic salts, are known but they are not 
very stable. Equation (e) shows that it is possible under some conditions to form 
a manganic salt from manganese dioxide and leads one to expect that it ought to be 
possible to oxidize a manganic salt to manganese dioxide in the presence of alkali 
hydroxide or the salt of a weak acid, because, since hydro gen ions are liberated when 
manganic salt is oxidized, the reaction should take place more readily if the hydrogen 
ions are removed as fast as they are formed. 'Fhe potential of reaction (g) in the 
table indicates that manganic salts are easily reduced to manganous salts. 

Some salts of quadrivalent manganese are known. Thus, cold concentrated 
hydrochloric acid will slowly dissolve manganese dioxide, forming manganese tetra- 
chloride. Complex salts, such as KaMnKo and KaMnCh, have been prepared. 
These salts, however, are not stable and are of little interest to the analytical chemist. 
The dioxide, MnOa, occurs in nature as the mineral pyrolusite, which is the most 
important source of all manganese compounds and can be regarded as the anhydride 
of manganous acid, H2MnOs, which is known to have salts called manganites. 
The potential of reaction (c) in the above table indicates that it ought to be possible 
to form Mn04“ from Mn02, and conversely that MnOa can be expected to be formed 
as a reduction product when permanganate acts as an oxidizer. Potassium per- 
manganate is much used for the oxidation of many organic compounds in neutral 
or alkaline solutions, and Mn02 is the reduction product that is usually formed. 
The potential of reaction (6) shows that Mn02 in alkaline solution should be converti- 
ble into a manganate, such as Na2Mn04. All manganese oxides, on l)eing fused with 
caustic alkali or alkali carbonate in the air or in the presence of some oxidizing agent 
such as potassium nitrate, are converted into green alkali manganate, and this 
reaction has frequently been used as a sensitive test for manganese. Usually the pre- 
cipitate of manganous hydroxide produced by adding sodium hydroxide to the solu- 
tion of a manganous salt is fused with sodium carbonate on platinum, and if the melt 
assumes a green color, the presence of manganese is indicated. The potential of 
reaction (/) shows that manganese dioxide is a good oxidizing agent, and this corre- 
sponds to the fact that we can dissolve it by treating with acid and any good reducing 
agent, such as a ferrous salt, an oxalate, a sulfite, or hydrogen peroxide. With hot 
concentrated hydrochloric acid, chlorine is formed. 

MnOa 4- 2Fe++ -f 4H+ = Mn-^^^ 2Fe+++ 4- 2H2O 

MnOs 4 - C 2 O 4 "" -f 4H+ = Mn++ 4- 2CO* 4- 2H2O 
MnOa 4- H2O2 4- 2H+ = Mn++ 4- O2 4- 2H2O 
MnOj 4- 2HC1 = MnCl, + Cl* 

Aside from its characteristic color and use as a qualitative test, the green manga- 
nate anion Mn04“~ is of little interest to the analytical chemist. Equations (6) 
and (c), however, show that the oxidation potential of the manganate anion is close 
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to that of the permanganate anion. Sometimes, in the analysis of duplicate samples, 
the chemist finds after an oxidation treatment that one sample is green, showing the 
presence of manganate, and the other is purple owing to the formation of per- 
manganate. 

Permanganate ions, Mn 04 “, have such a strong color that a single drop of a 
tenth-normal permanganate solution will impart a perceptible color to 500 ml of 
another solution. Permanganate, therefore, is its own indicator. In most oxida- 
tions with permanganate that take place in acid solutions, the permanganate anion 
is reduced to colorless manganous cations and the reduction potential of the per- 
manganate under those conditions is shown by equation {h) in the table on p. 534. 
In a nearly neutral solution, however, permanganate is capable of oxidizing man- 
ganous ions to the quadrivalent state, to which it is itself reduced. This is the 
so-called Volhard titration. 

3Mn++ -f 2 Mn 04 ’ + 2 H 2 O = 5Mn02 + 4H+ 

The potential values given on p. 534 should not be regarded as absolutely accurate. 
The measurement of some of these potentials is difficult, and sometimes it is hard 
to prevent some side reaction from taking place. The work performed in any 
chemical reaction of oxidation-reduction can be measured in joules or watt-seconds, 
that is, by multiplying the quantity of electricity involved by the voltage shown. 
If manganese from any valence is converted into manganese at some other valence, 
the work performed is theoretically the same whether the oxidation takes place all 
at once or in several stages. This enables one to compute some of the potential 
values in the table on p. 534 from other values that are given. In making such com- 
putations, the signs before the voltages in the table merely indicate which direction 
the current is moving; it is purely arbitrary whether the signs are made positive or 
negative (cf. p. 530). To show how computations can be made, the following illus- 
tration will serve: 

Reaction (/) on p. 534 represents the oxidation of bivalent manganese to the quadri- 
valent state. Reaction (i) covers the oxidation of quadrivalent manganese to the 
septavalent state, and reaction (h) the oxidation of bivalent manganese directly to 
the septavalent state. In other words, reaction (h) represents the sum of reactions 
(/) and (t), and the work done is theoretically the same whether the reaction takes 
place in the two stages or all at once. 

Energy is composed of two factors, an intensity factor and a capacity factor. 
The work done is measured by the product of these two factors. Thus, in measuring 
the work done in compressing a gas, we must take into consideration the change in 
volume (capacity factor) and the pressure (intensity factor), and the work done is 
measured by multiplying the pressure by the volume. In electrical units, the work 
done is measured by multiplying the amount of electricity moving (expressed in 
coulombs, ampere-seconds, or ampere-hours, etc.) and the potential difference 
(expressed in volts). In all the reactions given in the table on p. 534, therefore, the 
work done, or, as it is sometimes expressed, the change in the free energy, is propor- 
tional to the number of electrons liberated multiplied by the voltage shown. Thus 
in equation (a) the work done is proportional to the product 2 X 1.1. In the oxida- 
tion of a gram atom of manganese from the metallic to the manganous state, 2 
faradays of electricity (2 X 96,500 coulombs or ampere-seconds or 2 X 26.82 ampere- 
hours) are involved, and the potential drop is 1.1 volt. 

Tlien, with respect to equations (/), (i), and {h) in the table on p. 534, if we call the 
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respective voltages ti, vj, and v,, we have 

2vi + 2vt — 6r» 

and if two of these values are known, the third can be computed. In such compu- 
tations, it should be borne in mind that none of the values given in the table is to be 
regarded as absolutely correct. Whatever errors there may be in the values given 
for v\y Viy and vs are multiplied by 2, 3, and 5, respectively, so that the result of the 
calculation may differ a little from the value given. Thus 

2 X 1.33 -f- 3 X 1.63 = 7.55 

but 5 times the value given for y, in the table is 5 X 1.52 = 7.60, and this is as 
near as such computations can be expected to check. In this particular case, it is 
well to note that reaction {h) is the sum of reactions (/) and (i) and not the sum of 
reactions (c) and (/). Reaction (c) is very similar to reaction (i) but refers to a 
solution which is normal in ()H“ whereas (i) refers to one which is normal in H-*-. 

When potassium permanganate acts as an oxidizing agent in distinctly acid 
solution, the manganese is reduced from a positive valence of 7 to a positive valence 
of 2 and the manganese atom accepts 5 electrons from the substance oxidized: 

Mn04' + 8H+ + 5e = Mn++ + 4H2O 

The equivalent weight of potassium permanganate, or the quantity required to 
make 1 1 of normal solution, is, therefore, one-fifth of the molecular weight. In 
many reactions which take place in neutral or alkaline solutions, a precipitate of 
manganese dioxide is formed corresponding to a reduction to the quadrivalent state, 
but, since a solution of potassium permanganate is usually standardized in acid 
solution with complete reduction of the manganese to the bivalent state, it is custom- 
ary to express the normality of permanganate on this basis. 

The following equations represent the action of permanganate on some of the 
common substances which are oxidized quantitatively by it: 

MnO^" + 5Fe++ -h 8H+ = Mn++ -f 5Fe+++ -h 4H2O 
2Mn04" + 5C2O4" 4- 16H+ — 2Mn++ + lOCO* + 8HaO 
2Mn04~ + 5Sn++ + 16H+ -> 2Mn^+ -f .5Sn++++ + 8H,0 
2Mn04" + lOr + 16H+ 2Mn++ + 5U 4- 8H2O 

2Mn04~ 4- 3Mn++ 4- 2H2O SMnOa 4- 4H+ 

2Mn04“ 4- 5H2O2 4- 6H+ -h- 2Mn++ 4- 8H2O 4- 50> T 

Preparation of Tenth-Normal Permanganate Solution 

Weigh out on a watch glass approximately 3.2 g of potassium per- 
manganate crystals and dissolve in 1 I of water. Boil the solution 
10-15 minutes, allow to stand over night, or longer, and filter through 
asbestos. 

For filtering the permanganate solution a thin asbestos felt on top of some glass 
wool in an ordinary funnel is satisfactory, and with such a filter no suction is needed. 
This is better than a Gooch filter, as contact of the permanganate solution with 
rubber will cause the formation of Mn02, and KMn04 solution containing MnOi 
is always unstable. 
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The end point in a permanganate titration is easily obtained because 
1 drop of the permanganate in excess imparts a distinct pink color to 
the solution. In permanganate work, therefore, there is not so much 
danger of running over the end point as with dichromate titrations and 
it is not necessary to have a solution on hand to titrate back with when 
the end point is overstepped. Many analyses, however, are accom- 
plished by adding a measured volume of reducing agent of known 
strength and titrating the excess with permanganate. A solution of a 
ferrous salt is the commonest reducing agent thus used, but, as it oxidizes 
slowly on standing, its strength must be determined every day that it is 
used. A 'pure permanganate solution will keep indefinitely provided 
that it is kept in the dark, free from dust and reducing vapors. Ordinary 
distilled water, unless permanganate was present in the boiler, contains 
traces of organic material which will reduce permanganate slowly, and 
this is why it is well to boil the solution, let it stand some time before 
using it, and then filter it. Manganese dioxide is usually formed when 
the permanganate decomposes, and the presence of this substance serves 
to catalyze further decomposition so that it should be removed by 
filtration. 


Standardization of Permanganate Solution 
1. Against Sodiiun Oxalate (Sorensen)^ 

1000 ml of 0.1 N permanganate solution = 6.700 g Na 2 C 204 

Sodium oxalate suitable for standardizing solutions can be obtained 
from the National Bureau of Standards at Washington, D.C. This is 
the most reliable standard of all those that have been proposed. Dry 
the sample for an hour at 130°. For the standardization Fowler and 
Bright^ recommend the following procedure. 

Procedure. Transfer 0.3 g of sodium oxalate (dried at 105°C) to 
a 600-ml beaker. Add 250 ml of diluted sulfuric acid (5 + 95)* previ- 
ously boiled for 10 to 15 minutes and then cooled to 27 db 3°C. Stir 
until the oxalate has dissolved. Add 39 to 40 ml of 0.1 W potassium 
permanganate at a rate of 25 to 35 ml per minute while stirring slowly. 
Let stand xmtil the pink color disappears (about 45 seconds). Heat to 
55 to 60°C, and complete the titration by adding permanganate until a 
faint pink color persists for 30 seconds. Add the last 0.5 to 1 ml drop- 
wise with particular care to allow each drop to become decolorized 
before the next is introduced. 

^Z. anal. Chem., 42 , 362, 512 (1903); 46 , 272 (1906). 

* J. Research Natl Bur. Standards, 16 , 493 (1936). 

•This means 6 ml concentrated acid + 95 ml water. 
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Determine the excess of permanganate recjuired to impart a pink 
color to the solution. This can be done by matching the color by adding 
permanganate to the same volume of the boiled and cooled diluted sul- 
furic acid at 55 to 60°C. This correction usually amounts to 0.03 to 
0.05 ml. 


2. Against Oxalic Acid 

Owing to its water of crystallization, oxalic acid, H 2 C 204 * 2 H 20 , is not 
so reliable a standard as the sodium salt. Its equivalent weight is 
Yi, mole = 63.03, the same as when it acts as an acid. 

It is sometimes desirable to check up the oxiclimetric and alkalimetric 
standards; oxalic acid, potassium binoxalatc, or potassium tetroxalate 
can serve for this purpose. The method of titrating is the same as 
in 1. The equivalent weights of these three substances are quite 
similar as reducing agents but very different as acids. Thus in a 
liter of aqueous solution the tabulated relationships hold. 


Weight per Litxjr 

Normality 
as Acid 

Normality 
as Reducer 

0.5 mole = 03.03 g II 2 C 204 - 2 H 20 

1 N 

1 N 

0.5 mole = 64.06 g KIIC 2 O 4 

0.5 N 

IN 

0.25 mole = 63.55 g KHC 204 'H 2 C 204 ’ 2 Il 20 

0.75 N 

IN 


3. Against Metallic Iron 

It was formerly the general practice to standardize permanganate 
against iron wire, particularly when the standard solution was to be 
used for the titration of iron ores. The practice is not to be recom- 
mended because of the readiness with which the material rusts and 
because a low carlx)n content influences the results, not always in the 
same way. If, however, a solution of permanganate is standardized 
against sodium oxalate and also against iron wire, then the apparent 
iron value of the wire is known and it can be used as a standard. The 
method is as follows. 

Weigh out 0.2 g of the wire into a 200-250-ml flask as shown in 
Fig. 84a. Displace the air by introducing a stream of carbon dioxide, 
which has passed through a bottle containing water and another con- 
taining copper sulfate solution (to remove H 2 S). Dissolve the wire in 
55 ml of 3.6 N sulfuric' acid. During the dissolving of the wire, sup- 
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port the flask as shown in the drawing, and with the gas-exit tube 
closed with a rubber stopper which is connected with a Bunsen valve.‘ 




Heat the contents of the flask by means of a low flame until the wire 
has entirely dissolved, then boil the solution gently for a short time. 
Allow to cool,, remove the stopper, and titrate with permanganate. 


4. Against Sodium Thiosulfate 


See lodimetry.” 


1 A Bunsen valve consists of a short piece of rubber tubing with a cut along a few 
centimeters on one side, and the outer end of the tubing is closed by a glass rod. 
This valve prevents the entrance of air from without. A flask larger than 250-ml 
capacity is likely to be so thin as to break during the cooling of the iron solution. 
In Fig. 84o, instead of a glass rod at the end of the valve, a glass tube is used which 
is sealed at one end and has a hole on one side. This tube serves to prevent the 
collapse of the rubber tubing at the place where the slit is formed. Instead of the 
Bunsen valve, the Contat-Gockel valve can be used as shown in Fig. 846. The 
funnel contains sodium bicarbonate which is drawn into the flask below as the solu- 
tion cools, thereby filling the flask with carbon dioxide, the pressure of which stops 
the flow of solution into the flask. 
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6. Against Hydrogen Peroxide 

See ** Gas Analysis.” 


6. Against Ferrous Ammonium Sulfate 

(NH4)2S04-FeS04-Gn20 

Mohr proposed the use of this salt as a standard and it can be pur- 
chased in a high state of purity. The eciuivalcnt weight is 392.14 
or nearly 6 times as large as that of sodium oxalate. This makes it 
easier to weigh out a sample accurately to four significant figures. The 
substance is not so reliable a standard because of the danger of losing 
water of crystallization and of oxidizing. Thus a sample weighed out 
and allowed to stand in a moist beaker for some time is likely to undergo 
partial oxidation. The best way to determine whether a sample is 
suitable is to check up the standardization values obtained with this 
substance and with sodium oxalate. The gravimetric determination of 
the iron content is likely to lead to error; usually the values for iron 
are found a little too high and this gives low results in the stand- 
ardization. 

Procedure. For the standardization of 0.1 A permanganate, weigh 
out samples of about 1.5 g to four significant figures. Add 10 ml of 
18 N sulfuric acid, dilute to 100 ml, and at once titrate. 

7 . Against Arsenious Oxide, AsiOs 

Arsenious oxide can be obtained in a state of high purity and has been 
used a great deal in iodimetry. The reaction 

hAsCls + 2Mn04" + I2H2O -> 5H3ASO4 -f 2Mn++ + ISCl" + 9H+ 

takes place smoothly at the beginning but a yellowish-green color soon 
appears as a result of the formation of some trivalent manganic salt. 
In a hot solution the reaction can be carried out as indicated, but it is 
better to add a trace of iodate or iodide as catalyzer because permanga- 
nate can be reduced by hot hydrochloric acid. 

Procedure. Weigh out 0.2 to 0.25 g of pure AS2O3 to four significant 
figures. Dissolve the oxide at room temperature in 10-15 ml of 6 A 
HCl; if the solution was boiled some AsCU would be lost by volatiliza- 
tion.' Dilute the solution with 50 ml of water, add 1 drop of 0.002 M 
KIOs solution, and titrate with permanganate to the first rose color. 
The milliequivalent of AS2O3 is 0.04946 g. 
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Stability of Potassium Pennanganate Solutions 

A pure p)€rmanganate solution will keep indefinitely, provided that it 
is kept free from dust and reducing vapors.^ For very accurate work, 
however, it is advisable to standardize the solution frequently. The 
addition of 10 g caustic potash per liter increases the stability of the 
solution. 


Uses of Permanganate Solution 
2. Determination of Iron 
Method of Margueritte (1846) 

[ 0.005585 g Pe 

1 ml of 0.1 iV KMn 04 corresponds to \ 0.007185 g FeO 

I 0.007985 g FeaO, 

In this determination the iron is oxidized from the ferrous to the ferric 
condition : 

Mn 04 " + 5Fe++ + 8H+ Mn++ + 5Fe+++ + 4 H 2 O 

To each 100 ml of the ferrous salt solution add 5 ml of 6 A sulfuric acid, 
and at a volume of about 400 ml titrate in the cold by adding potassium 
permanganate from a buret with glass stopcock until a permanent pink 
color is obtained. 

This determination affords very accurate results and is unquestionably 
one of the best methods for determining iron. It, like all other pro- 
cedures for titrating iron with an oxidizing solution, depends upon the 
preliminary reduction of any ferric iron to the ferrous state and sulfuric 
acid is the only permissible acid with this procedure. 

Reduction of Ferric Salts to Ferrous Salts 

The reduction of ferric to ferrous salts can be accomplished in a 
number of different ways. 


1, By Hydrogen Sulfide 

Saturate the solution with hydrogen sulfide and boil off the excess 
while introducing CO 2 into the solution which is contained in a flask. 


^ In June, 1899, 1 ml of a KMn 04 solution =» 0.005485 g Fe; in March, 1900, 
1 ml of the KMn 04 solution « 0,005476 g Fe. See also Morse, Hopkins, and 
Walker, Am. Chem. J., 18, 401. 
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2 * By Sulftir Dioxide 

Nearly neutralize the solution containing the ferric salt with sodium 
carbonate,^ add an excess of sulfurous acid, boil, and pass a current of 
carbon dioxide through it until the excess of the reagent is completely 
removed.^ Test a drop of the solution with thiocyanate to make sure 
that the reduction is complete; cool in an atmosphere of carbon dioxide 
and titrate. 

3. By Metals 

Metallic zinc, cadmium, or aluminum can be used to reduce ferric ions to the fer- 
rous state. This can be done by adding small pieces of the pure metal to the ferric 
solution in a flask like that shown in Fig. 84a on p. 540 and heating on the water bath 
until the ferric solution is reduced and all the excess metal dissolved or removed by 
rapid filtration through a funnel containing a platinum cone. In carrying out such 
reductions it must be remembered that titanium, which is likely to be present in 
small quantities of most rocks, is reduced by these metals to the trivalent condition, 
whereas it is not reduced by hydrogen sulfide or sulfurous acid. Instead of pure 
zinc, chemists often prefer to use amalgamated zinc in a so-called Jones reducior 
(Fig. 85). The amalgamated zinc does not react with dilute sulfuric acid and liberate 
hydrogen but does reduce ferric sulfate solutions because, as the table of oxidation 
potential shows (p. 532), ferric ions are much easier to reduce than hydrogen ions. 

To prepare a Jones rednctory take some 20- to SO-mesh zinc, cover with dilute 
hydrochloric acid, and add mercuric chloride solution while stirring up the zinc, until 
the evolution of hydrogen ceases. In the bottom of the reductor tube place a per- 
forated disk or some pieces of glass, on top of this a wad of glass wool, and then just 
a little asbestos suspension (p. 30). If this asbestos layer is too thick, the reductor 
is likely to run slowly, and if too thin, some zinc powder may run through and spoil 
an analysis. Fill the rest of the reductor tube with the well-washed, amalgamated 
zinc. The use of the reductor is explained below. 

Determination of Iron in Iron Ore with the Jones Reductor. Weigh 

out 0.5-g samples to four significant figures and dissolve by heating with 
20 ml of 6 iV hydrochloric acid. To the resulting ferric chloride solution 
add 12 ml of 18 N sulfuric acid and evaporate, without boiling, imtil all 
hydrochloric acid has been removed, as shown by the lack of odor or by 
the formation of sulfuric acid fumes. Cool, dilute carefully with 100 
ml of water, and run through the properly prepared reductor with which 
blanks have just been run. From the total volume of permanganate 


1 Ferric salts are not completely reduced by sulfurous acid in the presence of 

considerable hydrochloric or sulfuric acid. 

* It is not advisable to depend upon the sense of smell. Test escaping gas from 
the flask by passing it through dilute sulfuric acid containing a few drops of 0.1 N 
KMn04 solution. If the latter is not decolorized at the end of 2 or 3 minutes, 
the excess of sulfurous acid has been removed. 
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solution used in the analysis, deduct the volume required in the 
blank. 

In making blanks and in all determinations, the procedure is as 
follows. Add 100 ml of normal sulfuric acid through the funnel B, 



with the stopcock C open, using a little suction. When only a little 
of the dilute acid remains in the funnel, add the solution to be reduced 
or, in the case of blanks, 50 ml of 1.5 N sulfuric acid, and when this 
has nearly passed out of the funnel, follow with 250 ml of normal sulfuric 
acid, washing out the original beaker with this acid and adding it in 
small portions. Finally, pass 100 ml of water through the reductor. 
At no time, however, should any air be allowed to enter the reductor 
tube, which should always be kept full of water when idle. Run blanks 
until two successive tests require less than 0.2 ml of 0.1 iV permanganate 
to give a pink color to the acid solution. 
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4. By Stannous Chloride 

This method is esjjecially suited for metallurgical purposes, because it can be 
accomplished most rapidly and hydrochloric acid is the best solvent for iron ores. 

Ferric chloride in hot solution is easily reduced by stannous chloride: 

SnClj 4- 2FeCl, + 2HC1 = HjSnCU + 2FeCla 

The complete decolorization of the solution shows the end point of reduction. 
The excess of stannous chloride is afterw'ard oxidized by means of mercuric chloride : 

SnCla + 2HgCl2 + 2HC1 = H^SnCU + Hg^Cl, 

Requirements. (a) Stannous chloride solution. Dissolve 50 g of stannous 
chloride in 100 ml of concentrated hydrochloric acid and dilute with water to a 
volume of 1 1. 

(6) 6 N hydrochloric acid. 

(c) Mercuric chloride solution. A saturated solution of the pure commercial 
salt in water is used. 

(d) Manganese sulfate solution. Dis.solvc 67 g of crystallized manganous sulfate 
(MnS 04 * 4 H 20 ) in 500-600 ml of water; add 138 ml of phosphoric acid (d 1.7) and 
130 ml of concentrated sulfuric acid; dilute the mi.xture to 1 1. 


Determinatioii of Iron in an Ore by the Zimmermann-Reinhardt 

Method 

Procedure. Weigh out 0.25-0.3 g of the finely powdered mineral 
into a small beaker, add 20 ml of 6 iV hydrochloric acid, cover the beaker 
with a watch glass, and heat, just below the boiling temperature, until 
the residue is apparently free from reddish brown mineral. Remove the 
flame, and add the stannous chloride solution, drop by drop^ until the 
iron solution just becomes colorless, avoiding an excess. Cool to at 
least room temperature and add quickly 10 ml of mercuric chloride 
solution, whereby a slight silky precipitate of Hg 2 Cl 2 is formed.^ After 
5 minutes, dilute the solution to about 400 ml, add 20-25 ml of the 
manganese sulfate solution, and titrate the cold mixture (very slowly) 
with potassium permanganate until a pink color permanent for 15 
seconds is obtained. Toward the la.st take care not to add a drop of 
permanganate until the color of the preceding drop has disappeared. 

Titration op Ferrous Salts in Hydrochloric Acid Solution 

The titration of iron in hydrochloric acid solution gives high results unless par- 
ticular precautions are taken. If dilute permanganate solution is allowed to run 


1 If the precipitate produced by mercuric chloride is at all grayish in color, the 
solution must be thrown away; too large an excess of stannous chloride was used. 
Moreover, the end point with permanganate is difficult to see if the solution contains 
much precipitate. 
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into a cold dilute solution of ferrous chloride containing hydrochloric acid, the 
permanganate is decolorized and the iron is oxidized, but there is noticeable evolution 
of chlorine.' More permanganate is used than is necessary to oxidize the ferrous 
salt to the ferric condition. 

If, however, permanganate is run into cold, dilute hydrochloric acid, in the 
absence of ferrous salt, there is no evolution of chlorine. Furthermore, the presence 
of a ferric salt does not cause evolution of chlorine. The chlorine, therefore, is not a 
result of the direct action of the permanganate upon the hydrochloric acid, but is 
probably due to the oxidation of the ferrous ion to an unstable state of oxidation 
corresponding to a perchloride, a peroxide, ferric acid, or perferric acid. 

When permanganate is run into a dilute hydrochloric acid solution containing 
ferrous chloride and considerable manganous salt, the ferrous iron is oxidized quanti- 
tatively to ferric iron and there is no evolution of chlorine. This was shown by 
Kessler* in 1863 and by Zimmermann* in 1881. It has since been confirmed by 
many other chemists.* 

This can be explained as follows: Permanganate ions react with manganous ions 
to form, as Volhard* proved, quadrivalent manganese. In this state of oxidation, 
manganese is unstable in acid solution, but it is reduced more readily by ferrous ions 
than by chloride ions. 

Zimmermann® suspected, and Manchot’s^ experiments confirm this view, that 
iron like manganese has a tendency to form unstable compounds as primary oxidation 
products. If such a compound is formed in the presence of manganous ions, the 
iron will give up its excess charge to manganous rather than to chloride ions, pro- 
vided that sufficient manganous ions are present. 

According to Manchot there is a tendency in all oxidations to form an unstable 
compound as the primary oxidation product. When hydrogen burns in air, a little 
hydrogen peroxide is formed; when sodium burns, sodium peroxide results. In 
most cases, these primary products are unstable and cannot be isolated because of 
the readiness with which they are reduced to a more stable condition. When an 
acceptor* is present it will take up the excess charge which is lost when the primary 
product is reduced; in aqueous solutions in the absence of any other acceptor, free 
oxygen is evolved. 

According to the method of oxidation, iron tends to form different primary states 
of oxidation. In the direct oxidation of iron by oxygen, the primary oxide appears 
to be Fe 02 ; in the oxidation by means of permanganate, chromic acid, or hydrogen 
peroxide, the primary oxidation product appears to contain iron with a valence of 
5, whereas iron with a valence of 6 is probably formed if hypochlorous acid is the 
oxidizer. 

' Ldwenthal and Lenssen, Z. anal. Chem., 1863, 329. 

* Pogg. Ann., 118, 779, and 119, 225. 

« Ber., 14, 779, and Ann. Chem. Pharm., 213, 302. 

* For example, J. A. Friend, J. Chem. Soc., 95, 1228 (1909). C. C. Jones and J. H. 
Jeffery, Analyst, 34, 306 (1909). 

® Ann. Chem. Pharm., 198, 337. 

* Ber., 11, 779, and Ann. Chem. Pharm., 213, 302. 

’ Ann. Chem. Pharm., 326, 105 (1902). 

® An acceptor is a substance which is not oxidized by oxygen alone, but can be 
oxidized by the aid of some other substance present called an auUh-oxidator. A 
substance which tends to be peroxidized may play the part of an acceptor. Cf. 
Engler, Ber., 33, 1097 (1900). 
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According to Manchot, potassium permanganate first causes the formation of 
quinquevalent iron. If sufficient manganese ions are present, these play the part 
of acceptor, but otherwise, in hydrochloric acid solution, some chlorine is formed: 

++-f 

3 Mn 04 " + 5Fe++ + 24ID 3Mn++ + 5Fe^+ + 12H,0 

+-H- + + 

Fe++ + Mn++ Mn++ + Fe+++ 

Mn++ + 2Fe++ — Mn++ + 2Fe+++ 

-H- + 

Fe++ + 2Cr CL + Fe+++ 

The action of the manganous sulfate is partly to regulate the reaction between 
ferrous and permanganate ions, for, according to Volhard, the manganous ions tend 
to react with permanganate, thus slowing down the reaction between permanganate 
and ferrous ions. The quadrivalent manganese fornu^d by the action of permanganate 
on manganous ions at once reacts with ferrous ions; the manganous ions also act as 
acceptor toward any iron oxidized above the trivalent state. In both cases it is 
essential that manganese peroxide does not react with hydnjchloric acid very 
rapidly, and it is necessary, too, that the amount of manganous salt shall greatly 
exceed the amount of iron present. 

Although it is possible, then, to titrate iron in hydrochloric acid solutions in the 
presence of manganous sulfate, the method possesses the disadvantage that the end 
point cannot be seen so distinctly as when no chloride is present, since ferric chloride 
forms a much more yellow solution than does ferric sulfate, d'his difficulty is over- 
come by the addition of phosphoric acid as suggested by C. Reinhardt, 'i he titration 
in hydrochloric acid in the presence of manganese sulfat ' and phosphoric acid is 
called the Zimmermann-Reinhardt method (cf. p. r>45). 

Determination of Metallic Iron in the Presence of Iron Oxide 

This method is useful for testing ferrurn reductum, which is obtained 
by the reduction of Fe 203 in a stream of hydrogen. Usually the re- 
duction is not complete and the preparation contains, besides the 
metallic iron, some oxide, usually assumed to be FesOi. The value of 
the preparation depends upon the free iron content. 

a. Method of Wilner^-Merck^ 

Principle. The method is based upon the fact that a neutral solution of mercuric 
chloride dissolves iron according to the equation 

Fe + HgCL = Hg+ FeCL 

while the FeaOi is not attacked. The solution of ferrous chloride is titrated with 
permanganate solution. 


^ Farm. Tidskriftf 1880, 225. 

* Z. anal. Chem.f 41, 710 (1902). 
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Procedure. Place about 0.5 g of ferrum reductum powder^ in a 
100-ml graduated flask, from which the air has been replaced by CO 2 ; 
add 3 g of solid mercuric chloride and 50 ml of water. Heat the con- 
tents of the flask to boiling, by means of a small flame, and boil gently 
for a minute. Then fill the flask to the mark with boiled water. Cool 
to 20® and again carefully bring to the mark. Shake well, and allow 
to stand in the stoppered flask until the precipitate has settled. Pour 
the liquid through a dry filter, reject the first 15 ml, and catch 20 ml 
of filtrate in a flask filled yvith carbon dioxide. To this add 20 ml of 
7 N sulfuric acid and 10 ml of manganese sulfate solution,^ dilute to 
200 ml, and titrate with 0.1 AT permanganate solution. 

jS. The Ferric Chloride Method^ 

Principle. A neutral solution of ferric chloride dissolves metallic iron with the 
formation of ferrous chloride: 


Fe + 2FeCl3 = 3FeCh 

If the ferrous chloride formed is titrated with permanganate solution, one-third of 
the iron thus found corresponds to the weight of metallic iron present in the sample. 

Proceed in exactly the same manner as in (a) but use 50 ml of ferric 
chloride solution, obtained by dissolving 2.5 g of anhydrous ferric 
chloride in cold water, instead of the 3 g of mercuric chloride. Stop- 
per the flask and shake 15 minutes in an atmosphere of CO 2 before 
diluting to the mark. The ferric chloride should give a clear solution 
in cold water and be perfectly free from ferrous salt. 

2, Determination of Manganese in Steel 

Manganese exists in ordinary steels as a solid solution with iron. Small quantities 
of manganese may be present as manganous sulfide or silicate, forming a part of 
the slag that is unintentionally left in the steel; breaks in the metal often start from 
such inclusions. Manganese, in the form of ferromanganese or “ spiegeleisen,” is 
introduced into molten steel for the purpose of deoxidizing and desulfurizing the 
metal and to prevent “ red shortness ” or brittleness during the forging heats. Some 
excess always appears in the finished steel, which ordinarily contains 0.2 to about 
1.0 per cent. Manganese tends to increase the hardness and decreases somewhat the 
ductility of ordinary steels. 

In metals containing more than 1 per cent of manganese, the hardness and brittle- 
ness increase rapidly, reaching maximums between 5 and 6 per cent, when it is prac- 

‘ A coarse powder is not decomposed quantitatively; 

* See p. 545. 

*A. Christensen, Z. anal. Chem.j 44, 535 (1905); see, also, E. Schmidt, Chem. 
Ztg., 21, 700 (1897); A. Marquardt, Ckem. Ztg., 26, 743 (1901); F. Fbrster and V. 
Herold, Z. Elektrochem., 16, 461 (1910). 
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tically impossible to machine the metal with any tool. Beyond 7 per cent of man- 
ganese causes progressive increase in the ductility, and steels containing 13 per cent 
manganese are very strong, tough, and ductile. The addition of manganese to steel 
lowers the transformation temperatures (see “ Carbon ”) and makes the transforma- 
tions take place in a sluggish manner. Sometimes the A Vi point (see p. 342) falls 
below the ordinary room temperature and self-hardening steels result. 

Samples of iron or steel are usually dissolved in hot dilute nitric acid when man- 
ganese is to be determined. If tungsten is present, sulfuric acid is commonly used 
followed by nitric and sometimes phosphoric acid. 

Usually it is not necessary to get rid of the iron before attempting to determine 
manganese because reactions typical of manganese can be made to take place in the 
presence of considerable quantities of ferric salt. 

A fair separation of manganese from iron can be accomplished with ammonia and 
ammonium chloride, but when much iron and little manganese are present this 
method is rarely used; the precipitate of ferric hydroxide is very bulky and hard to 
handle, and the separation is never satisfactory with a single precipitation. The basic 
acetate separation, which depends upon the precipitation of basic ferric acetate, 
ferric phosphate, etc., by boiling the faintly acid solution with considerable sodium 
acetate, is better but also very tedious. More satisfactory is the treatment with an 
emulsion of zinc oxide and water. This serves to precipitate hydroxides which are 
more insoluble than zinc oxide. When this treatment is carried through it is custom- 
ary to make up the solution and precipitate to a definite volume, mix well, and 
take a fraction (aliquot) of the filtered solution for the subsequent analysis. A slight 
error is introduced by the volume occupied by the precipitate, but the actual weight 
of the precipitate from 3 g of steel in 500 g of solution is relatively small, and the 
bulky ferric hydroxide precipitate tends to adsorb enough manganese to compensate 
for the fact that the actual volume of solution is somewhat less than 500 ml. 

Two other methods of separating ferric and manganous ions are worth mentioning 
although it is rarely necessary to make use of them in the determination of manganese 
in steel. (1) If a small volume of ferric and manganous chlorides in hydrochloric 
acid solution (d 1.10) is shaken with a larger volume of ether, nearly all the ferric 
chloride, considerable hydrochloric acid, but no manganous chloride will pass into 
the ether layer. This is the Rothe ether separation, which has been much used in 
analytical chemistry. (2) If a dilute hydrocliloric acid solution of ferric and man- 
ganous chlorides is treated with cupferron — the ammonium salt of phenylnitroso- 
hydroxylamine, C 6 H 6 (NO)NONH 4 — ferric ions are precipitated as the salt of 
cupferron; in 3 cupferron molecules the NHi groups are replaced by Fe. 

Practically all methods used for determining manganese in steel, or other ferrous 
alloys, are based upon the oxidation of bivalent manganous ions to some higher 
valency. In one method (Volhard’s) the quantity of oxidizing agent (KMnOO 
required to accomplish the oxidation is measured, but in most methods the oxidized 
manganese is treated with a carefully measured quantity of reducing agent and the 
excess determined by titration with permanganate. Sometimes the analysis is 
finished by comparing the color of the permanganate produced by suitable oxidation 
with that corresponding to known quantities of permanganate. In this book four 
methods of determining manganese in steel will be described. 
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Volhaxd Method^ 

1000 ml N KMn04 = = 16.48 g Mn 

If an almost boiling, nearly neutral solution of manganese sulfate is slowly treated 
with a solution of potassium permanganate, each drop will cause the fowattion of 
manganous acid (H2Mn08). Under ideal conditions the reaction takes place as 
follows: 

2Mn04" + 3Mn++ + THaO SH^MnOs + 4H+ 

According to this equation, 2KMn04 (10 equivalents) react with 3Mn‘'^+ (cf. 
p. 637). 

A. Guyard, who first determined manganese by this method, assumed that the 
oxidation took place according to the above equation. 

In reality, however, instead of pure manganous acid being precipitated, different 
acid manganites of varying composition are formed; for example: 

4KMn04 + llMnS04 + UU^O = 4KHSO4 + 7H2SO4 + 5Mn(HMn03)2 

Volhard has shown that if calcium, barium, or, better still, zinc salts, are present, 
manganites of these metals are precipitated. The precipitate, although varying in 
composition, then contains all the manganese in the quadrivalent form. 

Weigh out, to three significant figures, three separate portions of 2 g 
of steel into 300-ml porcelain casseroles. Cover the dishes with watch 
glasses, and dissolve each sample by the gradual addition of 25 ml of 6 
N nitric acid. When the sample has dissolved, raise the cover glass, 
evaporate to dryness, and ignite carefully to decompose nitrates. Cool 
and digest the residue with 20 ml of concentrated hydrochloric acid. 

If a dark residue remains undissolved, evaporate the solution to dryness again, 
dehydrate silica by heating an hour at 125°, warm with 10 ml of concentrated hydro- 
chloric acid, dilute, filter, and wash the residue thoroughly, first with a little hot 
2 N hydrochloric acid, then with cold water, and finally with hot water. If there 
is no dark-colored residue containing graphite, this treatment is unnecessary. A 
carbonaceous residue is always more or less oxidizable and must be removed. 

Evaporate the hydrochloric acid to dryness. Moisten the residue with 
10 ml of 6 AT hydrochloric acid, warm, and evaporate to a small volume 
but not to dryness. Transfer to a 500-ml measuring flask, first filtering 
if there is much residue, and dilute with cold water to about 200 ml. 
Add 6 N sodium carbonate solution in small portions until the ferric 
chloride solution has a deep red color and then small quantities of a 
suspension of zinc oxide in water, shaking after each addition of oxide 
and continuing until a point is reached where the liquid suddenly coagu- 
lates forming a heavy precipitate of ferric hydroxide. Fill the flask with 

1 Ann. Chem. Pharm., 198 , 318 (1879). Cf. W. Fischer, Z. anal. Chem., 48 , 751 
(1909); Cahin and Little, Analyst, 36 , 62 (1911). The method was really proposed 
first by Morawski and Stingl, Chem. News, 38 , 297 (1878). 
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water up to the mark, mix thoroughly by pouring back and forth into a 
beaker several times, allow the precipitate to settle, and filter through a 
dry 18-20 cm filter. Reject the first 5 ml of filtrate and collect the next 
250 ml in a measuring flask. Tran.sfcr the solution to a 500-ml flat- 
bottomed flask, add 5 ml of 6 N acetic acid, and titrate until the hot 
solution (80-90°) appears pink above the brown precipitate, best viewed 
in the neck of the flask against a light background. Add the KMnOi 
in milliliter portions to the first sample until the end point is over- 
stepped. To the other samples, add nearly all the requisite KMn 04 
at once. 


Bismuthate Method^ 

1000 ml N KMn04 = 10.99 g Mn 

This method originated with Schneider, ^ who used bismuth tetroxide as the 
oxidizing agent; but as the oxide is difficult to prepare free from chlorides, and traces 
of chloride interfere with the end point of the titration, it was abandoned by Reddrop 
and Ramage,^ who proposed the use of sodium bismuthate, NaBiOs. The product 
sold under this name is of more or less indefinite composition. 

The detennination is based on the fact that a manganous salt in the presence of 
nitric acid is oxidized to permanganic acid by sodium bismuthate. 

2Mn++ 4- 5NaBi03 + 14H+ 2Mn()4" -f 5Bi ’ ^+ + 5Na+ -H 71UO 

The permanganic acid formed is very stable in a cold solution containing 20-40 
per cent of nitric acid. In hot solutions the excess of bismuthate is rapidly decom- 
posed and then the permanganic acid breaks down; as soon as a small amount of 
manganous salt is formed it reacts with the permanganic; acid and manganese dioxide 
precipitates. 

In the cold, however, the excess of the bismuth salt can be filtered off, an excess 
of ferrous sulfate added to the clear filtrate, and the excess determined by titrating 
with permanganate. The end point is sharp, and the method is extremely accurate 
except in the presence of cobalt.* 

The following conditions are recommended by Blum. To the cold manganous 
solution containing 20-40 per cent nitric acid (free from nitrous acid) in a volume 
of 50-150 ml, add a slight excess of bismuthate (usually 0.5-1.0 g), agitate thor- 
oughly for about 3^^ minute, wash down the sides of the flask with .3 per cent nitric 
acid,^ filter through asbestos, wash with 100 ml of 3 per cent nitric acid, add a slight 
excess of ferrous sulfate solution (p. 576), and titrate at once with permanganate. 

lA. A. Blair, J. Am. Chem. Soc., 26, 793. W. Blum, Reprint No. 186 from BuU. 
Bur. Standards, 8 (1912). 

* Dingier 8 Polytech. J., 269, 224. 

* Trans. Chem. Soc., 1896, 268. 

* G E F. Lundell, J- Am. Chem. Soc., 46, 2600 (1923). 

8 One milliliter of nitric acid, d 1.42, contains nearly 1 g of HNO,. The solution of 
3 ml concentrated nitric acid diluted to 100 ml is approximately a 3 per cent solution 
both by weight and by volume. 
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Procedure. Dissolve 1 g of sample in 50 ml of 4 jV nitric acid and 
boil the solution to expel oxides of nitrogen. Remove from the heat, 
add about 0.5 g of sodium bismuthate, and boil 2 to 3 minutes. If more 
than 0.1 per cent manganese is present, a precipitate of manganese 
dioxide usually appears or, if the manganese content is low, a pink color 
is produced. If neither a pink color nor a precipitate is produced, add 
more bismuthate and heat again. Clear the solution by adding a few 
drops of sulfurous acid, boil 2 to 3 minutes, and cool to 15°. Add 0.5 
to 1 g more of bismuthate (enough to leave a small excess undissolved) to 
the cold solution, agitate, and allow to stand for 1 minute. Then add 50 
ml of 3 per cent nitric acid (3 ml of concentrated HNOs + 97 ml of 
water), and filter through asbestos. A suitable filter can be made by 
tamping down some glass wool in a funnel and pouring some asbestos 
fibers suspended in water upon it. If a Gooch crucible is used for filter- 
ing, take care that none of the filtrate comes in contact with the rubber 
that holds the crucible in the filter bottle. A glass filtering crucible can 
be used. Wash the excess bismuthate with 3 per cent nitric acid until 
the last runnings arc colorless (50 to 100 ml of acid should be used). Add 
a measured volume of standard ferrous sulfate solution (see p. 576; 
usually a 25-ml pipetful is sufficient), and titrate the excess with per- 
manganate.^ 

The ratio of permanganate to ferrous sulfate solution must be deter- 
mined daily. Though not strictly necessary, the determination of this 
ratio by means of a blank affords a convenient means of testing the 
efficacy of the filter. 

The manganese content of the steel can be computed as follows: 


Let s = weight of the sample. 

A = volume of KMnO^ which is equivalent to the FeS 04 used, 
n = volume of KMn 04 used to titrate the excess FeS 04 . 

N = the normality of the KMn 04 solution. 


(A - n)N X 0.01099 X 100 
s 


per cent Mn 


It was originally assumed that the bismuthate method was not well suited for 
determining large quantities of manganese, but Cunningham and Coltman* have 
shown how the method can be applied to materials rich in manganese. 

A modification of the bismuthate method which is useful for rapid work depends 
upon reducing the permanganate formed with a sodium arsenite solution. (See 
Persulfate Method, which follows.) 

1 H. F. V. Little, Analyst^ 37, 554 (1912), found that it was advisable to filter into 
a known volume of standardized ferrous solution when the manganese content was 
high. 

> Ind. Eng. Chem., 16, 58-63 (1924). Cf. Little, loc. cU. 
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Interfering Substances. Cobalt, cerium, and nitrous, hydrochloric, and hydro- 
fluoric acids, large quantities of phosphoric acid, and, to a lesser degree, chromium 
and vanadium interfere with the bismuthate method. The carbonaceous residue 
obtained when cast iron is treated with nitric acid also interferes and must be filtered 
off. Interference of cobalt cannot be overcome as cobalt is oxidized to the cobaltic 
state and is subsequently reduced by the added ferrous sulfate. When cobalt is 
present, therefore, the persulfate method is to be preferred. Cerium is seldom present, 
but its interference can be overcome by titrating the permanganate, formed by 
the action of sodium bismuthate, with sodium arsenite, which does not reduce 
quadrivalent ceric ions. The error caused by chromium is not serious unless more 
than 1 per cent is present. Interference by large quantities of chromium can be 
overcome by removing the chromium in either of the following two ways: (a) Digest 
I g of sample with exactly 20 ml of 3.6 N II 2 SO 4 . Dilute the resulting solution to 100 
ml with boiling water and add from a buret, while stirring, sufficient 8 per cent 
NaHCOa solution to give a permanent precipitate and 4 ml more. Boil 1 minute, 
filter off the Cr(OH) 3 , and some Fe(OH )8 formed by atmospheric oxidation, and wash 
5 times with hot water. Pay no attention to a cloudy filtrate caused by the gradual 
oxidation of more of the ferrous iron. Use the filtrate for the manganese deter- 
mination. (h) Heat gently 1 g of sample in a 500-ml flask with a mixture of 1 part 2.5 
N HCl and 4 parts of 72 per cent HCIO 4 . When the sample has dissolved, heat on the 
hot plate with gradually increasing temperature and finally fume 5 to 10 minutes until 
all the chromium is oxidized to CrOs. Then, to volatilize the chromium as Cr 02 Cl 3 , 
add 1 to 4 g of NaCl in small portions until there are no more brown fumes of chrornyl 
chloride. After the last addition of NaCl, boil the solution for 1 minute to remove 
HCl, add HNOs, H2SO4, and II 3 PO 4 , and determine the manganese by the persulfate 
method. 


Persulfate Method^ 

In a hot solution of a manganous salt containing silver nitrate aa catalyzer, ammo- 
nium persulfate causes the formation of permanganic acid. 

2Mn++ + SSzOs- + (Ag+) + 8 H 2 O -> 2 Mn 04 " -f 10804 '“ + (Ag+) -f 1611^ 

Without the silver salt, manganous acid, H 2 Mn 03 , is precipitated. In the routine 
analysis of steel it is customary to discharge the permanganate color by adding 
standard sodium arsenite. Under the conditions that usually prevail, the arsenic 
is completely oxidized to the quinquevalent condition; the manganese of the per- 
manganate is not reduced to colorless manganous salt but to a solution which con- 
tains manganese partly trivalent and partly quinquevalent. The solution has green- 
ish yellow tint at the end point when more than a few milligrams of manganese are 
present. The arsenite solution, therefore, must be standardized in exactly the same 
way it is used in the analysis against permanganate solution or by means of a Bureau 
of Standards steel. If, however, the titration is made With the following sodium 
arsenite and nitrite solution, the HMn 04 is reduced completely to the bivalent 
state.* Dissolve 1.3 g of pure AS 2 O 3 in 25 ml of 4 N NaOH, dilute to 200 ml, make 


1 Walters, Proc. Eng. Soc. Western Pa., 17, 257 (1901); Chem. News, 84, 239. 
H P Smith, Chem. News, 90, 237 (1904). Rubricus, Chem. Ztg. Repert., 1906, 
247. F. Kunze, Chem. Ztg., 29, 1017 (1905). H. Marshall, Z. anal. Chem., 48. 

a’sandell, Kolthoff, and Lingane, Ind. Eng. Chem., Anal. Ed., 7, 256 (1935). 
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acid with dilute H2SO4, and then make neutral to litmus by adding NaHCOj. Add 
0.85 g of NaN02 and dilute to 1 1. 

Dissolving Solution. Mix together 5 ml of 0.1 AgNOs, 40 ml of 
water, 2 ml of concentrated H 2 SO 4 , and 15 ml of concentrated HNO 3 . 

Titrating Solution. Dissolve exactly 0.337 g of pure AS 2 O 3 and about 
1.1 g of Na 2 C 03 in about 60 ml of hot water. When the solids have dis- 
solved completely, transfer to a liter measuring flask and make up to 
exactly 1 1. One milliliter = 0.1 mg Mn. Test the strength of the 
solution by taking a measured volume of 0.1 N KMn 04 (2.00 ml is 
suitable), reducing it with a little H2SO3, and then proceeding exactly 
as in the analysis of steel, using the same quantities of reagents. 

Procedure. Weigh out portions of exactly 0.100 g (within 1 mg) 
into 250-ml Erlcnmeyer flasks, and heat each portion with 15 ml of the 
dissolving solution until all the steel has dissolved and the red nitrous 
fumes have been expelled. Remove from the hot plate; add 100 ml of 
hot water and 10 ml of 10 per cent (NH4)2S208 solution. Heat to boil- 
ing, and maintain this temperature for 30 seconds. Remove from the 
hot plate and cool under running water to about 15®. (If necessary use 
ice-water.) Titrate the cold solution until the permanganate color is 
discharged. Pay no attention to a return of the color on standing. 
(This can be prevented by adding to the cold solution just enough dilute 
NaCl to precipitate the Ag+ as AgCl. In the absence of the Ag+, Mn++ 
is not oxidized in the cold.) 

The persulfate, in the presence of silver cations, slowly oxidizes the manganous ions 
to permanganate, but this reaction is so slow in the cold that there is no serious error 
if the titration takes place fairly quickly. If the cold solution is treated with just 
sufficient NaCl solution to precipitate the silver before the titration, the end point 
lasts much better; but if the solution is hot when the chloride is added, some 
permanganate will be reduced. The above very rapid method has never been 
regarded as suitable for umpire analysis, but students usually obtain excellent results 
agreeing within 0.02 per cent, or less, of the correct values. If considerable man- 
ganese is present the solution is yellow or green at the end point, but the practiced 
eye can easily tell when all the permanganate color is gone. 

Modified Williams Method 

1000 ml of N KMn04 = ^ = 27.47 g Mn 

The Williams method depends, in the first place, upon the precipitation of all the 
manganese as Mn02 by boiling the manganous solution with concentrated nitric acid 
and jjotassium chlorate. The reaction has also been used in qualitative analysis. 

Mn(NO,)2 + 2KC108 H2O MnOa HjO -h 2KN08 -h 2010* t 
The precipitate is dissolved in acid and a known quantity of reducing agent, and the 
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excess of the latter is measured by titration with standard potassium permanganate 
solution. A standard solution of acid ferrous sulfate or ferrous ammonium sulfate 
(p. 576) is commonly used as the reducing agent, and since such a solution oxidizes 
slowly on standing in the air it is necessary to determine its strength at least once 
every day that it is being used. 

Julian^ used H2O2 as the reducing agent and did not bother to filter off the precipi- 
tate, but it is unquestionably better to do so because the presence of a little nitrous 
acid in the solution is likely to cause error in the final titration. 

Procedure. Take 2 to 3 g of steel (weighed to the nearest centigram) 
in a 500-ml Erlenmeyer flask and dissolve it in 60 ml of 6 AT HNO 3 . 
When the steel has dissolved, evaporate the solution to sinipy consis- 
tency (about 10 ml) ; add 50 ml of concentrated nitric acid and 3 g of 
potassium chlorate crystals. Boil the solution on the hot plate for 15 
minutes. Then remove the flask from the hot plate, as otherwise the 
CIO 2 which is liberated on adding chlorate may explode; add 15 ml 
more of concentrated nitric acid and another 3 g of potassium chlorate. 
Boil for another 15 minutes. C'ool quickly by placing the flask in cold 
water and rotating the contents. Prepare an asl)estos filter by pressing 
down a little glass wool in a funnel and pouring on it a little asbestos 
suspension such as is used for (looch crucibles. Lilter through the 
asbestos, and wash the Mn 02 precipitate with three lO-rnl portions of 
cold water. Transfer the asbestos pad and ])r(?cipitate back to the 
original flask. As solvent, prepare a mixture of 900 ml water, 43 ml of 
3 per cent hydrogen peroxide, 25 ml of phosphoric acid, d 1.70, and 25 
ml of concentrated sulfuric acid; keep the solution in a glass-stoppered 
bottle. Of this well-mixed solution take out 25-ml portions by means 
of a pipet. Usually one portion of the solution is sufficient to dissolve 
the Mn02 precipitate and leave an excess of H 2 O 2 . At the same time, 
take two separate portions of the solution for direct titration with per- 
manganate. In every case, dilute with water to about 200 ml and titrate 
with standard potassium permanganate. In using the pipet make sure 
that it has been cleaned recently with cleaning solution so that it will 
drain well and that it has been rinsed out with three small portions of 
the solution which is to be measured. Make sure that the pipet is filled 
from the bottom up to the mark on the stem, and, after allowing the 
contents to drain out, touch the tip of the pipet to the side of the beaker 
just above the solution. When used in this way pipets are more accurate 
than the ordinary buret. 

The reactions that take place with the hydrogen peroxide are these: 

H,Oj + MnO, + 2H+ — Mn++ + 2 H 2 O + O, t 
6HjOj + 2MnO.- + 6H+ -* 2Mn++ + SH^O + 50, T 

ij. Am. Chem. Soc., 16 , 113 (1893); cf. J. Anal. Chem., 2 , 249 (1888). 
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If, in the analysis of s g of steel, 25 ml of HjOj was used which was equivalent, 
as found by direct titration, to A ml of KMn04 and the excess HjOi reacted with 
n ml of KMn04 which was A-normal, then 


(A ~ n)N X 0.02747 ^ 
8 


per cent Mn 


3. Determination of Uranium 

Method of Belohouhek,^ Zimmermannj^ Hillehrand? 

1000 ml N KMnO, = ^ = 119 0 g U 

This method is especially suited for testing the purity of a precipitate of UsOg 
obtained in the analysis of uranium minerals. It is based upon the fact that when 
UjOs is heated in a closed tube with dilute sulfuric acid at 150-175° it is readily 
decomposed according to the equation 

UsOa + 4H2SO4 = 2UO2SO4 + U(S 04)2 + 4H2O 

forming uranyl and uranous sulfates. The latter compound is oxidized to the former 
by means of potassium permanganate: 

2KMn04 + 5U(S04)2 + 2H2O = 2KHSO4 + 2MnS04 + H2SO4 + 5UO2SO4 

If it is desired to express the results in terms of the original UsOg, of which two-thirds 

is not oxidized by the permanganate, then 1 ml KMn04 = == 0.4211 gUjOg. 

^000 

Procedure. Place 1 g of U 3 O 8 in a tube closed at one end, add 10- 
15 ml of 5 sulfuric acid, and make the open end of the tube narrower 
by heating in a blast lamp and drawing it out somewhat. Remove 
the air in the tube by inserting a long capillary so that it reaches to the 
bottom of the tube containing the substance and conducting a current 
of carbon dioxide through it; finally seal the larger tube without re- 
moving the capillary. Heat the tube in a “ bomb furnace ” at 150- 
175° until everything has dissolved to a clear green liquid. After 
cooling, open the tube by making a scratch with a file and touching it 
with a hot glass rod. Pour the contents into a large porcelain dish, 
dilute with distilled water to 500-700 ml, and titrate with 0.1 N KMn 04 
solution until a permanent pink color is obtained. 

Remark. In quantitative analysis uranium is often precipitated as ammonium 
uranate by ammonium hydroxide (see p. 166), and the uranate dissolves in acids 
forming uranyl, U02‘‘"*' salts. It is possible to reduce the 6-valent uranium of the 
uranyl salt to 4-valent uranous salt, and uranium, like iron, titanium, and molyb- 


‘ J. prakt. Chem.f 99, 231. 

* Ann. Chem. Pharm.f 232 , 286. 

• U, S. Geol. Survey Bull. 78. 
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denum, can be determined volumetrically by reducing in a Jones reductor and titrat- 
ing with KMn 04 , KaCr 207 , or Ce(S 04 ) 2 . The reduction always goes a little too far 
but is never completed to the trivalent state and rarely proceeds to exactly the same 
point in duplicate determinations. However, by bubbling air through the solution, 
trivalent uranium is oxidized so that all the uranium is obtained in the quadrivalent 
state and can be titrated to the 6-valent condition. The bubbling with air also 
oxidizes trivalent titanium. Quadrivalent uranium is fairly stable in cool, dilute 
sulfuric acid. The volumetric determination of uranium is often used for determining 
the uranium in a precipitate of sodium-zinc-uranyl acetate, or similar compound, and 
thus serves for the indirect determination of sodium (p. 278). 

Procedure. Prepare a solution containing not more than 0.10 g 
uranium in 100 ml of 2 H2SO4. No other substance reducible by 
zinc should be present, especially nitric acid. Adil enough permanga- 
nate to impart a distinct, permanent pink color, cool to 20-25°, and pass 
through a Jones reductor (p. 544) at the rate of 50 to 100 ml a minute. 
Prepare the reductor for use and test the blank as described on p. 544. 
Wash out the reductor, after the uranyl solution has passed through it, 
with dilute sulfuric acid and water as in determining iron or phosphorus. 
Place a long glass tube in the solution and bubble air through it for 
5 minutes to oxidize any trivalent uranium or trivalent titanium to the 
quadrivalent state ; the solution will assume a clear green tint. Wash off 
the inside and outside of the tube and titrate with 0 1 iV KMn04 of which 

1 ml = 0.01190 g U. 

If the procedure is used for determining sodium, dissolve the triple acetate precipi- 
tate (p. 278) in 50-75 ml of 2 A sulfuric acid, poured slowly over the precipitate in 
small portions under gentle suction. Wash out the crucible and funnel with water 
and add sufficient 6 N sulfuric acid to make the solution approximately 2 N . 

If the titration is made with K 2 Cr 207 or Ce(S 04 ) 2 , proceed as above described up to 
and including the bubbling of air through the reduced solution. Then add 40 ml of 

2 per cent FeCU solution, 15 ml of 85 per cent H 3 PO 4 , and 6-8 drops of diphenylamine 
sulfonate indicator (p. 577). Titrate immediately with 0.1 A K 2 Cr 207 or Ce(S 04 ) 8 . 
Run a blank on all the reagents, carrying out the Jones reductor treatment, and, after 
bubbling air through the acid solution, add the same quantity of FeCU, HjPOi and 
indicator. 

The titration reaction is: 

5U++++ + 2Mn04" + 2H2O 6UOa++ + 2Mn-»-+ + 4H+ 

4, Determination of Oxalic Acid 

1000 ml AT KMnO. - ” 63.03 g H.C.0.-2H.0 

The procedure is exactly the same as was described under the standardization of 
permanganate by means of sodium oxalate (p. 538). 
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5. Determination of Calcium 

C^fk 

1000 ml N KMnOi = — = 20.04 g Ca 

Zt 

Precipitate the calcium as described on p. 244 in the form of its oxa- 
late, filter, and wash with hot water. Transfer the moist precipitate 
to a beaker by means of a stream of water from the wash bottle, and 
dissolve the precipitate remaining on the filter, allowing hot 2 N sul- 
furic acid to pass through it several times. To the turbid solution in 
the beaker, add 20 ml of 18 AT sulfuric acid, dilute with hot water to 
a volume of 300-400 ml, and titrate the oxalic acid with O.l KMn04 
solution. 


6. Determination of Pb02 in Minium [Red Lead, PbsOJ 
Method of Lux^ 


1000 ml N KMnO, = = 119.6 g PbO, = 342.8 g PhtO. 

I>rinciple. If lead peroxide (PbOj) is treated with oxalic acid or sodium oxalate 
in acid solution, the oxalate ion is oxidized according to the following equation : 

PbOj + C 2 O 4 '" -h 4H+ Pb++ + 2 CO 2 + 2 H 2 O 

If the decomposition takes place with a measured amount of titrated oxalic acid 
solution and the excess of the latter is titrated by means of potassium permanganate 
solution, the difference shows the amount of oxalic acid necessary to effect the 
reduction of the lead peroxide. 

Procedure. Weigh out about 0.25 g of minium (red lead) into a 
porcelain dish and heat with 20-30 ml of 2 N' nitric acid. The original 
oxide is thereby changed into soluble lead nitrate and brown, insoluble 
HjPbOa: 

Pb304 + 4HN08 = 2Pb(N08)2 + H 2 O + HaPbOs 


After the sample is dissolved, add 50 ml of 0.2 N oxalic acid, heat the 
solution to boiling, and titrate hot with 0.2 N KMn 04 . If t ml of 0.2 N 
KMn 04 solution were used, then bO — t ml of 0.2 N H2C2O4 were 
necessary for the reduction of the amount of Pb 02 contained in the 
minium (a g) taken for analysis. There is present, therefore. 


(50 - 0 X 2.392 
a 


per cent Pb 02 or 


(50 - t) X 6.856 
a 


= per cent Pb804 


The Diehl-Topf iodimetric method, described on p. 606, has been 
adopted by the American Society for Testing Materials for the analysis 
of red lead. 


Z. anal. Chem., 19, 153. 
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7. Determination of MnOi in Pyrolusite 
1000 ml N KnMO, = = 43.47 g MnO, 

(a) Method of Levol and Poggiahy Modified by G. Lunge^ 

After drying at 120® to constant weight, place 1.087 g of the finely 
powdered pyrolusite in a 250-ml flask which is provided with a Contat 
valve (see p. 540). Expel the air by conducting CO2 into the flask, 
and then add 75 ml of the ferrous sulfate solution, prepared as de- 
scribed below, close the flask, and heat its contents over a small flame 
until there is no longer any dark-colored residue. Cool quickly, dilute 
with 200 ml of water, and titrate the excess of ferrous sulfate with 0.5 N 
KMn04 solution. Immediately before the analysis, determine the 
titer of the ferrous sulfate solution by taking 25 ml of it, diluting to 
200 ml, and titrating with permanganate. . 

By the treatment of the pyrolusite with ferrous sulfate, the following 
reaction takes place: 

Mn02 + 2Fe++ + 4H+ Mn++ + 2Fe+++ + 2H2O 

Prepare the ferrous sulfate solution as follows: Slowly pour 200 ml 
of concentrated sulfuric acid, with stirring, into 500 ml of water, and 
while the mixture is still hot add 100 g of powdered FeS04*7H20 crys- 
tals; on stirring, the salt should dissolve within a few minutes. Dilute 
the solution to 1 1. When cold it is ready to use. 

If 25 ml of FeS04 solution = a ml of A-normal KMnOi, 75 ml of 
FeS04 solution used in the analysis and the excess = 6 ml of KMn04, 
then 

(3a - b)N X 0.04347 X 100 ^ 

1.087 

If the KMn04 is exactly 0.5 N, then 2(3a - 6) = per cent MnOj. 

(6) Method of Fresenius-Will, Modified by Mohr 
M11O2 + 0204"' + 4H+ Mn++ + 2CO2 + 2H2O 

For each analysis, weigh out portions of the finely ground ore, which 
haa been dried to constant weight at 120°, into 300-ml Erlenmeyer 
flasks, using samples that do not vary more than 0.05 g from 0.45 g. 
Add to each portion of ore a carefully weighed portion of pure sodium 
oxalate, using at least one and one-half times as much oxalate as pyro- 


1 Chem. techn. Untersuchungsmethoden. 
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lusite but not more than 0.8 g in any case. Add 50 ml of water and 50 
ml of 6 A sulfuric acid and heat, without boiling hard, until no more 
pyrolusite remains undissolved. Keep the flasks covered with watch 
glasses, and do not allow the solutions to evaporate to less than 85 ml, 
adding hot water from time to time if necessary. When all the black ore 
has dissolved, dilute to 200 ml and titrate with 0.1 AT permanganate, 
keeping the solution above 60®. 

If s is the weight of pyrolusite used, r the weight of sodium oxalate, 
and n the milliliters of N normal permanganate required for the excess 
oxalate. 


. N X 0.0435 X 100 


).067 X N 


per cent Mn 02 


In this equation, 0.067 is the equivalent weight of sodium oxalate and 
0.0435 the equivalent weight of manganese dioxide. 


S. Determination of Formic Acid 

(a) Method of Liehen^ 

1000 ml N KMnO, - ^ X HCOOH ^ jg ^ hCOOH* 

In cold add solutions permanganate reacts very slowly with formic acid, and 
in a hot solution the latter is lost by volatilization, so that the titration in open 
vessels is impossible; in alkaline solutions, on the other hand, the oxidation takes 
place readily and quantitatively in the cold : 

2KMn04 + 3HCO2K = 2K2COS + KHCO, + 2Mn02 + H2O 

In this reaction the permanganate is reduced only to the quadrivalent condition 
so that it has only three-fifths of its oxidizing power as determined in the standard- 
ization. Hence the weight of formic acid equivalent to 1 ml of iV permanganate 
, ^ . 3 HCO2H 

(normal against sodium oxalate) - X ^qqq * 

Procedure. Neutralize the formic acid by an excess of sodium 
carbonate, and allow permanganate to run into the hot sodium formate 
solution until the clear liquid above the precipitate is colored pink 
(cf. p. 550). 

(6) Method of H. C. Jone^ 

TTC'O IT 

1000 ml N KMn 04 =* — = 23.01 g formic acid 

A 

1 Monatsh., 14, 746, and 16, 219. 

*Bcr., 10, 1076 (1877). 

* Am. Chem. 17, 539. 
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Add an excess of permanganate to the alkaline solution of the formate, 
heat 5-10 minutes on the water bath, make acid with 6 N sulfuric 
acid, add an excess of 0.1 iV oxalic acid solution, and titrate the excess 
of oxalic acid with permanganate at 70®. 

If T = total volume of 0.1 A permanganate used and t the volume 
of 0.1 N oxalic acid then 

(T — 00.002301 = weight of formic acid 
(c) Method of Blackadder^ 

Proceed exactly as in (h) but after heating on the water bath, add 
2-3 g of potassium iodide, neutralize with 6 N hydrochloric acid, add 
15 ml in excess, and titrate the liberated iodine with 0.1 AT thiosulfate. 
If T is the volume of 0.1 AT permanganate used and t the volume of 
0.1 iV thiosulfate, the computation is the same as under (b). 

9. Analysis of Nitrous Acid {LungeY 

1000 ml N KMnO. = = 23.51 g HNO, 

On account of the volatility of nitrous acid, measure out the aqueous 
solution of the nitrite, or the solution of nitrous acid in concentrated 
sulfuric acid (nitrose), from a buret into 400 ml of 0.75 N sulfuric 
acid containing a known volume of permanganate solution, warmed to 
40®. Have the tip of the buret dipping below the surface of the acid 
permanganate solution, and stir constantly. The nitrous acid is 
thereby oxidized to nitric acid : 

2KMn04 -f 5HNO2 + 3H2SO4 = K2SO4 4 - 2MnS04 + 3H2O + SHNOs 

and the decolorization of the solution shows the end point. Toward 
the end the nitrous acid must be added slowly, for the change from red 
to colorless requires some time. 

10, Analysis of Hydrogen Peroxide 
H O 

1000 ml N KMnO, = = 17.01 g 

Place 10 ml of commercial 3 per cent hydrogen peroxide in a 100-ml 
measuring flasks dilute to the mark with water, and, after thoroughly 
mixing, transfer 10 ml (=1 ml of the original solution) to a beaker. 


* Diaaertation, Zurich, 1911. 
•Ber., 10, 1076 (1877). 
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and dilute with water to a volume of 300-400 ml. After adding 20- 
30 ml 7.5 N sulfuric acid, titrate the solution with 0.1 A KMn 04 until 
a permanent color pink is obtained. The following reaction takes 
place: 

2KMn04 -f 5 H 2 O 2 + 4 H 2 SO 4 = 2 KHSO 4 + 2 MnS 04 + 8 H 2 O + 5 O 2 

Frequently it happens that the first drop of the permanganate causes 
a permanent coloration of the solution. This shows that either not 
enough sulfuric acid is present, or else there is no more hydrogen per- 
oxide left in the solution. In this case add a little more sulfuric acid, 
when, if the coloration still remains, the preparation is surely spoiled, 
as can be shown by the titanic or chromic acid tests (cf. Vol. I). 

The amount of hydrogen peroxide is expressed either as percentage by 
weight or as percentage by volume. 

Example. Ten milliliters of the above-mentioned dilute solution of hydrogen 
peroxide ( = 1 ml of the original solution) required 17.86 ml of 0.1 iV KMn04 solution, 
corresponding to 17.86 X 0.001701 = 0.03038 g H2O2. As the specific gravity of the 
original hydrogen peroxide solution can be assumed to be 1, it therefore contains 
3.04 per cent H2O2. 

When expressed in “ percentage by volume ” the result shows how many cubic 
centimeters of oxygen can be obtained from 100 ml of the solution. 

In this case 100 ml of the hydrogen peroxide solution contains 3.04 g of H2O2 
and, on being decomposed, 2 moles of H2O2 sets free 1 mole of O2. 

2H2O2 = 2H2O + O2 

or 22.39 1 of oxygen at 0®C and 760 mm pressure; consequently 3.04 g H2O2 will 
3 04 X 11200 

evolve X - — — 34^02 ~ oxygen measured under standard conditions 

of temperature and pressure. 

One hundred milliliters of the commercial hydrogen peroxide, therefore, will evolve 
1000 ml of oxygen, i.e., 10 times its own volume. This is sometimes designated as 
10 volume hydrogen peroxide. 

Other methods for determining hydrogen peroxide will be given later. (See 
Index.) 


11, Analysis of Barium Peroxide 
1000 ml N KMnO. - 5^* = g4.6g g BaO, 

Weigh 0.2 g of the substance into a 400-ml beaker, cover with 300 
ml of cold water, and add with constant stirring, 20-30 ml of 2 AT 
hydrochloric acid. When all the Ba02 has dissolved, titrate the 
solution with 0.1 iV KMn 04 . The addition of H 2 SO 4 is not advisable, 
as the precipitated BaS 04 is likely to enclose some Ba 02 which will 
then escape the titration. 
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Another method for the analysis of Ba02 has been proix)sed by 
Kassner.^ 


12, Analysis of Potassium Per carbonate 
1000 ml JV KMn04 = 5?^ = 99,10 g k,C,0, 

Weigh 0.25 g of potassium percarbonate into 300 ml of cold, N sul- 
furic acid, in which it dissolves with vigorous evolution of carbon diox- 
ide and formation of an equivalent amount of hydrogen peroxide: 

K 2 C 2 O 6 + 2 H 2 SO 4 = 2 KHSO 4 -h 2 CO 2 -h H 2 O 2 

Titrate the latter with 0.1 N potassium permanganate. 

13. Analysis of Persulfates {Persulfuric Acid, H 2 S 2 OS) 

\ 97.07 g H 2 S 2 O 8 

1000 ml N KMn 04 = 114.1 g {NUi)SiO, 

1 135.2 g K 2 S 2 O 8 

A solution of persulfuric acid does not reduce permanganate, nor does it react 
with titanic acid; on the other hand it oxidizes ferrous salts immediately in the cold 
to ferric sal^, and by means of this behavior it can be easily determined. The 
ammonium and potassium salts are now commercial products, and are analyzed 
as follows: Weigh 0.3 g of the salt into a flask fitted with a Bunsen valve (p. 540), 
replace the air by carbon dioxide, add 30 ml of a freshly titrated solution of ferrous 
sulfate and then 200 ml of hot water. Close the flask and rotate its contents. The 
salt dissolves without difficulty, and the ferrous sulfate is oxidized : 

H 2 S 2 O 8 + 2FeS04 = Fe2(S04)» + HaS04 

After all the salt has dissolved, cool the contents of the flask by placing the flask 
in cold water, and titrate the excess of ferrous salt with 0.1 N KMn 04 , 

The ferrous sulfate must be added to the persulfate, and then the hot water. 
If the hot water is added first, the persulfate is decomrx)8ed somewhat and the 
results obtained will be low. In this way it is found that: 

30 ml ferrous sulfate solution requires T ml 0.1 A KMn 04 solution. 

30 ml ferrous sulfate + o g persulfate requires f ml 0.1 N KMn 04 solution. 

Consequently a g of persulfate correspond to {T — t) ml 0.1 N KMn 04 . 

In the case of the potassium salt, since 1000 ml N KMn 04 = 135.2 g K 2 S 2 O 8 , 
and 1 ml 0.1 A KMn (>4 = 0.01362 g KjSjOs, we have: {T - t) X 0.01352 g K 2 S 2 O 8 

1.352 {T -t) . ^ 

in o g of the commercial salt, or in percentage: = per cent KjSaOg. 

With the ammonium salt the factor becomes 0.01141 instead of 0.01352. 

The ferrous sulfate necessary for this determination is prepared as described on 
p. 579. 


» Arch. Pharm., 228 , 432. 
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Persulfates may also be analyzed very satisfactorily by means of oxalic acid.^ 
When a sulfuric acid solution of a persulfate is treated with oxalic acid alone, there 
is no perceptible reaction. On adding a small amount of silver sulfate as catalyzer, 
however, a lively evolution of carbon dioxide takes place, and at the water-bath 
temperature the reaction is soon completed. 

H2S2O8 + H2C2O4 = 2H2SO4 + 2CO2 
The excess of the oxalic acid can be titrated with permanganate. 

Procedure. Place 0.5 g of the persulfate in a 400-inl Erlenmeyer 
flask; add 50 ml of 0.1 iV oxalic acid solution and 0.2 g of silver sul- 
fate dissolved in 20 ml of 10 per cent sulfuric acid. Heat the mixture 
on the water bath until the evolution of carbon dioxide ceases; this 
requires not more than 15 or 20 minutes. Dilute the solution to about 
100 ml with water at about 40° and titrate with 0.1 permanganate. 

14, Determination of Hydroxylamine (Raschig)^ 

1000 ml N KMn 04 = ^ = 16.52 g NH 2 OH 

Principle. Hydroxylamine is oxidized in hot acid solution by means of ferric 
salts to form nitrous oxide and an equivalent amount of ferrous salt: 

2 NH 2 OH + 4Fe+++ 4Fe++ N 2 O + 4H+ + H 2 O 

The quantity of ferrous salt is determined by titration with 0.1 AT potassium 
|)ermanganate. 

Procedure. Place 0.1 g of the hydroxylamine salt in a 500-ml flask 
and dissolve in a little water. Add 30 ml of a cold, saturated solution 
of ferric-ammonium alum and 10 ml of 7.5 N sulfuric acid. Heat the 
contents of the flask to boiling and keep at this temperature for 5 min- 
utes. Then dilute the solution with distilled water to a volume of about 
300 ml and immediately titrate with permanganate solution. 

Remark. If only slightly more than the theoretical amount of the ferric salt is 
added, the oxidation of the hydroxylamine does not take place entirely in accordance 
with the above equation, but part of the substance is oxidized to nitric oxide: 

2 NH 2 OH + 6Fe+++ 6Fe++ + 2NO -f 6H^- 

and it is then impossible to obtain exact results. 

IS. Determination of Ferrocyanic Acid (De Hoj^nY 
1000 ml N KMn04 - 1 mole K 4 Fe(CN)« = 422.4 g K4Fe(CN)«-3H,0 

Principle. By oxidation in acid solution, ferricyanic acid is formed from ferro- 
cyanic acid: 

5 H 4 Fe(CN)e + Mn 04 ' + 3H+ 6H.Fe(CN)(, + Mn+t + 4H*0 

1 R. Kempf, Rcr., 38, 3965 (1906). 

* Ann. Chem. Pharm.f 241, 318. 

» Ibid., 90, 160. 
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Good results are obtained only when the solution is dilute and contains considerable 
acid. If too much ferrocyanide is present, a precipitate of KiMn[Fe(CN)e] is 
likely to form. In this case it is necessary to make sure that sufficient acid is present 
and to dilute the solution. The end point is a change from greenish yellow to 
yellowish pink. 

Procedure. Dissolve 10 g of potassium salt in 1 1 of water. Mix 
and transfer 50 ml to a white porcelain dish. Add 100-1 50 ml of water 
and 10-20 ml of 7.5 N sulfuric acid and titrate with 0.1 permanganate. 


16. Determination of Ferricyanic Acid 

1000 ml N KMn 04 = 1 mole KsFeCCN)# = 329.2 g KaFeCCN), 

Principle. The potassium ferricyanide is reduced in alkaline solution to potas- 
sium ferrocyanide, which is titrated with permanganate. 

Procedure. In a 300-ml measuring flask dissolve 6.0 g of the ferri- 
cyanide in water, make the solution alkaline with potassium hydroxide, 
heat to boiling, and add an excess of a concentrated ferrous sulfate 
solution. At first brown ferric hydroxide is precipitated, later black 
ferrous-ferric hydroxide is formed, and this shows the completion of the 
reaction. Cool, dilute the contents of the flask with water to the mark, 
filter through a dry filter (after mixing), reject the first runnings, and 
take 50 ml of the filtrate (= 1 g of the substance) for the titration with 
Q.l N Mn04 solution. 


17. Determination of Chloric Acid 


1000 ml N KMn 04 = 


RCIO, 


=1 


20.43 g KCIO, 
17.74 g NaClO. 


Dissolve 5 g of potassium chlorate, or 4 g of the sodium salt, in 
water, and dilute the solution to 1 1. After thorouglily mixing, transfer 
10 ml to a flask fitted with a Bunsen valve (p. 540) and expel the air from 
the flask by a current of carbon dioxide. After this add 50 ml of a freshly 
standardized 0.1 solution of ferrous sulfate in 2.5 N H2SO4 and boil 
the solution 5 minutes. The following reaction takes place: 

KClOa + 6FeS04 + 3H2SO4 = KCl -f 3Fe2(S04)3 + SHaO 

After cooling, dilute the solution with cold distilled water to 200 ml, 
add 10 ml of manganous sulfate solution (cf. p. 545), and titrate the 
excess of the ferrous sulfate with potassium permanganate. 

If so ml ferrous sulfate J ^ 

and 60 ml » “ 4- 10 ml chlorate sol. < ^ 

then 10 ml of chlorate solution = 0.01 ag = (T - 0 ml 0.1 iV KMnO. 

where a == original weight of the sample. 

The substance contains P®** ®f KC10» 
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18. Determination of Nitric Acid (Pelouze-Fresenius) 

[21.01 g HNO, 

1000 ml N KMn04 = 28.34 g NaNO, 

^ [33.70 gKNO, 

This method depends upon the fact that on heating a nitrate with an acid ferrous 
chloride solution the nitric acid is reduced to nitric oxide : 

2KNO3 + GFeCla + 8HC1 = 2KCI + 2NO + 4H2O + 6FeCl, 

As a measure for the amount of nitrate reduced we have : 

(1) The excess of ferrous salt. (2) The ferric salt produced. (3) The nitric 
oxide formed. 

The method of Schlosing-Grandeau described on p. 386 is based upon the measure- 
ment of the nitric oxide formed. C. D. Braun^ estimates the amount of ferric salt 
formed, while Pelouze and Fresenius determine the amount of ferrous salt not used 
up in the reduction of the nitric acid. 

Procedure. Place 1.5 g of pure iron wire in a long-necked flask, 
and expel the air by passing a current of pure carbon dioxide through 
it for 2-3 minutes. Then add 30-40 ml of concentrated hydrochloric 
acid, place the flask in an inclined position, and close by means of a 
rubber stopper through which tubes pass so that a current of carbon 
dioxide can be introduced. Heat the solution on the water bath in 
this atmosphere of carbon dioxide until the iron has completely dis- 
solved, and allow the solution to cool in a current of the gas. Mean- 
while weigh 0.25-0.3 g of the nitrate into a small glass tube closed at 
one end. Drop this into the acid solution of the ferrous sulfate and 
quickly close the flask again. Heat as before for 15 minutes, while 
continuing the stream of carbon dioxide. Have the exit tube through 
from the flask dipping into a beaker filled with water so that there is 
no chance of any air getting back into the flask. Finally heat the 
solution to boiling and keep hot there until the dark color disappears 
and the yellow color of the ferric chloride becomes apparent. To make 
sure that the nitric oxide is entirely removed boil 5 minutes longer and 
then allow to cool in the atmosphere of carbon dioxide. When cold 
pour the solution into a beaker, rinse the flask with a little boiled water, 
and dilute to about 400 ml. Add 10 ml of manganese sulfate solution 
(p. 545), and titrate the unoxidized ferrous salt with 0.5 N KMn 04 
solution. 

Determine the purity of the iron wire by titrating 1 g of the wire after 
similar treatment with acid and manganese sulfate solution. 

If a g of potassium nitrate and p g of the wire were taken for the 
analysis, t ml of 0.5 KMn 04 was required to oxidize the excess of iron, 


* J. prakt. Chem., 81, 421 (1860). 
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and p g of the wire requires T ml of 0.5 KMn 04 , then: 


(T - t) X 1.685 
a 


— per cent KNOs 


Remark. This method gives results just as accurate as those obtained by the 
method of Devarda (p. 384) and is much easier to carry out. 


19. Determination of V anodic Acid 
1000 ml of 0.1 JV KMnO, = ^ = 9.095 g V^. 

Conduct sulfur dioxide into the boiling acid solution of an alkali 
vanadate until the solution is clear blue in color; by this means the 
vanadic acid is reduced to vanadyl salt: 

2 H 3 VO 4 + H 2 SO 3 + 112804 V202(804)2 + 5 H 2 O 

+ 2 Mn 04 " + 22H2O -> IOH3VO4 + 2Mn++ + 14H+ 

Continue boiling and introduce a current of carbon dioxide through 
the solution until the escaping ga^ will no longer decolorize a solution 
of potassium permanganate, showing that the excess of the sulfur dioxide 
has been expelled. Titrate the hot solution with potassium perman- 
ganate until a permanent pink color is obtained. The end point is 
easily recognized only when the solution is hot. This accurate deter- 
mination is used for the analysis of vanadium in iron and steel, or in 
ores. (Cf. pp. 242, 570.) 


20. Blair Method for Determining Phosphorus in SteeP 
1000 ml of 0.1 N KMn 04 = ^ ^ ^ 

Transfer the yellow precipitate obtained as described on p. 516 or 
p. 517 to a paper filter but, instead of the 1 per cent IINOs and 1 per cent 
KNOs solutions, use an acid ammonium sulfate solution (1 1 of water, 
25 ml concentrated H2SO4, and 15 ml strong ammonia; mix well before 
using). Wash the precipitate promptly with ten 5-ml portions of 
this acid sulfate solution, wetting the upper edge of the filter paper each 
time and allowing each portion to drain through the filter paper before 

adding the next. _ . oc 

Dissolve the ammonium phosphomolybdate precipitate m 25 ml of 
3 N ammonium hydroxide, wash the filter with hot water, and treat the 
filtrate with 10 ml of concentrated sulfuric acid. It is now ready for 

1 Andrew Blair, The Chemical Arwlysis of Iron and Steel 



668 


OXIDATION METHODS 


reduction with the Jones redactor (see p. 544). Run a blank with the 
redactor before each series of determinations and whenever the redactor 
has stood idle for 3 hours. After a redactor has stood over night, it 
should be well washed with dilute sulfuric acid, before even a blank test 
is run. Titrate the reduced solution with permanganate. 

In making blanks and in all determinations, the procedure is as fol- 
lows. Add 100 ml of normal sulfuric acid through the funnel, R, with 
the stopcock C open, using a little suction. When only a little of the 
dilute acid remains in the funnel, add the solution to be reduced or, 
for blanks, 50 ml of 1.5 AT sulfuric acid, and when this has nearly passed 
out of the funnel, follow with 250 ml of normal sulfuric acid, washing 
out the original beaker with this acid and adding it in small portions. 
Finally, pass 100 ml of water through the redactor and titrate in the 
permanganate. Air should not be allowed to enter the redactor tube, 
which should be kept full of water at all times when idle. Run blanks 
until two successive tests require less than 0.2 ml of 0.1 AT permanganate 
to give a pink color to the acid solution. 

In the original method, the reduced solution was caught in an empty flask and 
it was assumed that the MoOs of the phosphomolybdate precipitate was reduced to 
Mo 24087; 1 ml of 0.1 iV” KMn04 = 0.0000883 g P. The molybdenum is reduced 
completely to the trivalent condition by the amalgamated zinc: 

(NH4)jP04l2MoOj + 23 NH 4 OH = 12(NH4)2Mo04 + (NH4)2HP04 + HHaO 
2M0O4"" + 3Zn + 16H+ -> 2M0+++ + 3Zn++ + 8H2O 

The trivalent molybdenum is slowly oxidized by the air in the flask and by that 
shaken into the solution during the titration. A practiced manipulator usually 
titrates so that about 3 per cent of the total oxidation is accomplished by the air, 
and this corresponds to the assumption that Blair made with respect to the hypo- 
thetical M024O37. The only safe way to avoid this error is to catch the reduced 
solution, before it comes in contact with air, in 50 ml of 10 per cent ferric alum solu- 
tion (100 g of ferric alum, 25 ml of concentrated sulfuric acid, and 40 ml of sirupy 
phosphoric acid per liter). Then 1 ml of 0.1 AT KMn04 = 0.0000861. 

This ferric alum solution does not change the reduced molybdenum entirely back 
to the 6-vaIent condition but it does oxidize it sufficiently to prevent the effect of 
the atmosphere, and for every equivalent of molybdenum oxidized an equivalent 
of reduced iron is formed so that the solution titrates exactly as if a perfect reduction 
were obtained without the use of the ferric salt. Since the precipitate contains 
lP:12Mo, and the valence change of the Mo is 3, it is clear how the normal weight 
is computed. When this ferric alum solution is used in the analysis, it must be 
present also in running the blanks. 

To illustrate the computation assume that the ammonium phosphomolybdate 
precipitate from 2 g of steel required by the above method 12 ml of 0.1 AT perman- 
ganate solution. The blank on the reductor and ferric alum was 0.18 ml. The 
phosphorus present in the steel is then: (12 — 0.18) X 0.00431 per cent. 

If 2.15 g of steel is taken for analysis, the percentage of phosphorus will be 0.004 
times the net volume of 0.1 AT permanganate in milliliters when ferric alum is used. 
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Chromium, when present as trivalent chromic cations, behaves like ferric iron 
toward many reagents. Practically all methods for determining chromium in iron 
and steel are based upon its oxidation to the positive valence of 6 as chromic acid, 
dichromate, or chromate. Small quantities of chromium can be determined colori- 
metrically, but quantities larger than a few hundredths of 1 per cent are usually 
determined by adding a measured volume of reducing agent, usually acid ferrous sul- 
fate solution, and titrating the excess with potassium permanganate solution. A 
great many different methods have been proposed for carrying out the oxidation, 
but treatment with ammonium persulfate in the presence of silver ions as catalyst 
has been found most convenient. If vanadium is present, it can be determined in 
the same solution after the chromium. 


Determination of Chromium and Vanadium in Alloy SteeH 

In this procedure the manganese, chromium, and vanadium are first obtained in 
the bivalent, trivalent, and quadrivalent states respectively by dissolving in acid. 
By the action of persulfate in the presence of silver salt as catalyzer, the bivalent 
manganese is oxidized to the valence of 7, the trivalent chromium to the valence 
of 6, and the quadrivalent vanadium to the valence of 5. By the addition of a 
limited quantity of chloride, the permanganic acid is reduced to manganous salt 
and the excess persulfate is removed by boiling. The chromic acid is then reduced 
to chromic salt by a measured quantity of ferrous solution, and the excess titrated 
with permanganate. The chromium content corresponds to the amount of ferrous 
salt required. The vanadium, to be sure, is reduced to vanadyl salt by the ferrous 
iron but is again oxidized to vanadic acid by the permanganate so that it affects 
the analysis only by making the end point a slow one. 

After the titration, all manganese is present as manganous salt, all chromium as 
chromic salt, and all vanadium as vanadate. Another portion of ferrous salt serves 
to reduce the vanadium to quadrivalent vanadyl salt. The excess ferrous iron can 
be oxidized by stirring with persulfate solution without oxidizing the vanadium, 
and the vanadyl salt can be titrated with permanganate. 

The important chemical reactions involved can be expressed by the following 
equations: 

Oxidation with persidfate in the presence of ions: 

2Cr+++ + SSaOs"" + 8H2O 2H2Cr04 + 6SO«“" 4- 12H+ 

2VO+-»- + SiOr" + 4H2O 2HVO, + 2SO4” + 6H+ 

2Mn++ + SSzOs" + 8H2O -► 2HMn04 + 10SO4‘~ + 14H+ 

Removal of the catalyzer and reduction of HMuOa: 

Ag+ + cr AgCl 

2HMn04 + 14H+ + lOCl 2Mn++ + SHjO -f 6Clt 

Reduction with FcSOa: 

CraO?"" + 6Fe-^+ 4- 14H+ -♦ 2Cr'^+ 4- 6Fe++^ + 7H*0 
jjVO* 4- Fe'*"’" 4- 4- Fe'*"*''’’ 4- 2HjO 

> Procedure based on Methods of the Chemists of the United States Steel Corporation, 
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Titration with KMnO^: 

5Fe++ + Mn 04 " + 8H+ -> 5Fe+++ + Mn++ + 4H,0 
6 VO++ + Mn 04 " + 6 H 2 O — 6HVO, + Mn++ + 7H+ 

Reduction with FeSOi the second time: 

HVOa + Fe+^^ + — VO++ + Fe+++ + 2H,0 

Removal of excess FeSOi the second time: 

2Fe++ + SaOs" 2Fe+++ + 2 S 04 "-’ 

Final titration: 

6VO++ + Mn 04 " + 6HjO — 5HVO, + Mn++ + 7H+ 

Procedure. Weigh out 2 g of sample, or less if more than 2 per cent 
of chromium is present, into a 600-ml beaker, and cover it with a mixture 
of 45 ml water, 10 ml concentrated sulfuric acid, and 5 ml of phosphoric 
acid, d 1.7. Heat until there is no further action, add 5 ml of concen- 
trated nitric acid, and boil to decompose carbides and oxidize the iron. 
(If carbides resist this treatment, as shown by considerable dark-colored 
residue, or tungsten is present as shown by a yellow residue of WO 3, 
evaporate until salts begin to separate out, dilute with 50 ml of water, 
add 10 ml of concentrated HNO3, and again evaporate.) Add 200 ml of 
water, filter, and wash the residue with water. To the filtrate add 10 
ml of 0.1 iV silver nitrate, heat nearly to boiling, and add slowly while 
stirring 20 ml of freshly prepared 15 per cent ammonium persulfate 
solution. If a permanganate color does not develop from the manganese 
in the steel, heat again and add more silver nitrate and more persulfate. 
Then boil 8-10 minutes to decompose the excess persulfate, add 2 ml of 
6 N hydrochloric acid, and heat 5 minutes after the permanganate color, 
or any precipitated manganese dioxide, has disappeared. Dilute to 400 
ml, add 25 ml of 0.1 iV ferrous ammonium sulfate solution from a pipet 
(p. 576), and test a drop of the solution on a white porcelain spot plate 
with a freshly prepared solution of potassium ferricyanide. If the blue 
test is not obtained, add another portion of ferrous salt. Titrate the 
excess with 0.1 iV^ permanganate until the pink end point persists after 
stirring for 1 minute. 

In this analysis a perceptible excess of permanganate is required be- 
cause of the dilution and the color of the chromic salt. To allow for this 
error, assume that the milliequivalent of chromium is 0.01744 instead of 
the theoretical value. The end point is a little difficult because of the 
slow rate of oxidation of the vanadium in cold, dilute solutions. 

Detenninatioii of Vanadium. After the chromium determination, 
add 5 ml of standard ferrous ammonium sulfate solution from a pipet. 
Stir and test a cbrop of the solution for ferrous iron with fresh ferricya- 
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nide solution, adding another pipetful of ferrous salt if necessary. Add 
8 ml of 15 per cent ammonium persulfate solution and stir 1 minute 
to oxidize the excess of ferrous salt. Then titrate with permanganate 
till the end point persists after 1 minute’s stirring. In this case, the 
vanadium is titrated directly and 1 ml of 0.1 permanganate oxidizes 

0.005095 g of vanadium. The error due to dilution and color of the 
chromic ions is positive. From the percentage of vanadium found, sub- 
tract 0.02 plus 0.018 times the percentage of chromium in the sample. 

22, Determination of Molybdenum in Wulfenite and Molybdenite^ 

1. Method of Dissolving Wulfenite 

Dissolve 1 g of the powdered ore by treatment with 15 ml of con- 
centrated nitric acid and 7 ml of concentrated sulfuric acid in a 
150-ml covered beaker at a temperature just short of boiling. When 
practically complete decomposition has been effected, evaporate until 
fumes of sulfur trioxide are expelled freely. Cool, add 40 ml of water, 
boil to dissolve the bulk of the molybdenum, cool to tap-water tempera- 
ture, and filter into a 150-ml beaker; the residue consists of lead sul- 
fate, silica, and possibly small amounts of undecomposed ore, and 
tungstic and molybdic acids. Save both the residue and the filtrate. 

Dissolve the lead sulfate in hot ammonium acetate solution (see p. 
59), washing until the ammonium acetate filtrate gives no test for 
lead with ammonium sulfide solution. Ignite the silicious residue 
in a platinum cmcible and remove silica by treating it with sulfuric 
and hydrofluoric acids. Evaporate till all the excess acid is expelled. 
If an appreciable residue remains after this treatment, fuse it with 
potassium pyrosulfate and test for molybdenum by means of tartaric 
acid and ammonium sulfide as further described. The residue, however, 
seldom contains any molybdenum. 

2. Method of Dissolving Molybdenite 

Treat 0.5-5 g of the finely pulverized sample with 10-35 ml of con- 
centrated nitric acid and 7-10 ml of concentrated sulfuric acid in a 
250-ml beaker, covered with a watch glass. Digest at a temperature 
somewhat below the boiling point until most of the molybdenite appears 
to have been decomposed, and then evaporate until strong fumes of 
sulfur trioxide are evolved. When the beaker and its contents have 
cooled, add 50 ml of water and boil briskly for a few minutes. Filter 

1 Method furnished by the Bureau of Standards and based upon the work of 
J. A. Holladay and A. M. Smoot. 
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into a 150-inl beaker. Wash the residue with hot water, then 6 or 8 
times with 4 N ammonium hydroxide, and finally with hot water, 
allowing the washings to run into the main filtrate. 

Treat the silicious residue (which will also contain nearly all lead and 
barium present in the ore) with ammonium acetate solution (cf. p. 59) 
and ignite the remainder at a very low red heat in a porcelain crucible, 
cool, transfer to a platinum crucible, treat with 2 or 3 drops of concen- 
trated sulfuric acid and several milliliters of hydrofluoric acid, and 
evaporate until sulfuric acid has been completely expelled. Fuse the 
small residue remaining with sodium carbonate, extract with water, and 
add the water extract to the main solution. 

3. Method of Analysis 

To the solution containing all the molybdenum, add sufficient ferric 
sulfate to provide 10 times as much iron as there is arsenic present; 
from 0.3 to* 0.4 g is usually ample. Nearly neutralize the acid with 
ammonia (do not add enough to impart a red tint to the solution), 
heat nearly to boiling, and pour slowly and with vigorous stirring into 
75 ml of nearly boiling 9 N ammonium hydroxide contained in a 250- 
ml beaker. When the precipitate has settled, filter and wash thoroughly 
with hot water. Dissolve the precipitate in a slight excess of hot 7.5 N 
sulfuric acid, heat to boiling, and pour again into 75 ml of boiling 9 N 
ammonium hydroxide. Collect the two filtrates, containing all the 
molybdenum, in a 500-ml beaker. It is essential that arsenic, which is 
usually present in these ores, be eliminated, and the method described 
furnishes a simple and effective way for accomplishing this. The 
addition of ferric sulfate should be omitted only if arsenic is known 
to be absent. 

To the combined ammoniacal filtrates, add 3 g of tartaric acid, and 
when the acid has dissolved, saturate the warm solution with hydrogen 
sulfide. The presence of tartaric acid is necessary to prevent the sub- 
sequent precipitation of vanadium and tungsten sulfides. If these 
elements are known to be absent its use may be dispensed with. Under 
these conditions the molybdenum remains in solution as ammonium 
thiomolybdate, (NH 4 ) 2 MoS 4 , which imparts a deep red color to the 
solution. If a small precipitate of insoluble sulfides separates out, 
filter and wash with hydrogen sulfide water. Make the thiomolyb- 
date solution slightly acid with sulfuric acid (cf. p. 114). 

Heat for a short time, allow the precipitate to settle, filter, and wash 
thoroughly with hydrogen sulfide water containing a little sulfuric 
and tartaric acids. 
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The filtrate from the molybdenum sulfide sometimes contains ap- 
preciable amounts of molybdenum. 

Boil off the hydrogen sulfide, add an excess of bromine water to 
oxidize molybdenum, expel the excess by boiling, make ammoniacal 
as before, and treat with hydrogen sulfide and acid as outlined on p. 114. 
If any more molybdenum sulfide is formed, recover it. 

Place the molybdenum sulfide precipitate and filter paper in a 250- 
ml flask and treat with 6 ml of concentrated sulfuric acid and 10 ml 
of concentrated nitric acid. Evaporate to fumes and repeat the nitric 
acid treatment, evaporating until the filter paper has been completely 
destroyed and every trace of yellow color due to carbonaceous matter 
has disappeared. When this has been accomplished, allow the solu- 
tion to fume strongly for a short while, cool, add 5 ml of water, and 
again evaporate to fumes to ensure the expulsion of every trace of nitric 
acid. Cool, add 75 ml of water, and boil for a few minutes, which should 
give a perfectly clear solution. Add 5 g of pure shot zinc (0.002 per 
cent iron or under), and boil the solution until most of the zinc has 
dissolved; this results in partial reduction of the molybdenum and 
complete precipitation of the traces of copper which are usually present. 
Filter on an asbestos or Alundum filter to remove the undissolved 
zinc and the copper. 

Reduce the molybdenum completely as described on p. 568 and ti- 
trate with 0,1 iV permanganate; 1 ml 0.1 iV permanganate solution = 
0.003198 g of molybdenum. 

23, Determination of Titanium^ 

1000 ml 0.1 N KMn04 = 0.1 gram-atom Ti = 4.790 g Ti 

Principle. The reduction of titanium from the quadrivalent to trivalent con- 
dition proceeds rapidly and quantitatively in 1.1 to 1.8 A H2SO4 solution by passage 
through a Jones redactor. Organic compounds, nitric acid, tin, arsenic, antimony, 
molybdenum, iron, chromium, vanadium, tungsten, uranium, and columbium must 
be absent but, with the exception of the rare element columbium, all these can be 
easily separated from titanium. Nitric acid can be removed by repeated evapora- 
tion with sulfuric acid. Arsenic, antimony, and tin can be removed as sulfides from 
a solution sufficiently acid to prevent hydrolysis of the titanium. Iron can be 
precipitated as sulfide from an alkaline tartrate solution (see p. 168), and the organic 
matter then removed by treatment with nitric and sulfuric acidsi Chromium, 
vanadium, tungsten, and uranium can be removed by oxidation in alkaline solution 
with sodium peroxide and boiling to precipitate titanium hydroxide. 

Procedure. Carry out the reduction as described on p. 568 for 
molybdenum, taking the precaution to wash out the reductor with 

I G. E. F. Lundell and H. B. Knowles, J. Am. Chem. Soc., 46 , 2620 (1923). 
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dilute sulfuric acid before each run, which is carried out in the following 
order: 25 to 50 ml of 1 .1-1.8 sulfuric acid, 150 ml of the same strength 
acid containing 0.12 g of titanium or less, 100 ml more of acid, and finally 
100 ml of water. Catch the solution in 3 times the theoretical quantity 
of ferric sulfate dissolved in 3 AT sulfuric acid, and titrate the ferrous 
sulfate solution with permanganate. The reduction takes place at any 
temperature between 25° and 100°, and it is not necessary to expel air 
from the solutions used in the reductor. 

2Ti++++ + Zn 2Ti+++ + Zn++ 

Ti-t-H- 4. Fe+++ Fe-^ + Ti++++ 

Rapid Volumetric Determination of Titanium in Ores 

The following procedure has proved useful for the rapid evaluation of ores and 
titanium products. 

Weigh out* about 0.5 of the finely powdered sample into a dry, heavy- 
walled, 8 -in. test tube and mix it with about 7 g of powdered K 2 S 2 O 7 
(made by fusing KHSO 4 to a quiet melt from which SO3 is beginning to 
escape, pouring out upon a tile, and powdering). Tap the sides of the 
tube to drive down adhering particles, and clamp the tube in a vertical 
position but fixed so that later it can be swung to a nearly horizontal 
position. Heat the mass gently until the flux has melted and all water 
has been expelled. When an orange coloration is seen at the sides of 
the tube near the surface of the melt, raise the temperature gradually 
to redness and continue fusing until there are no more bubbles rising 
from the bottom and all the solid particles of ore have disappeared. 
Then heat any portion of the tube where there is evidence of spattering. 
By changing the position of the clamp, raise the bottom of the tube and 
allow the melt to flow halfway up the sides of the tube; clamp the tube 
in this nearly horizontal position. In a few minutes the mass will 
sohdify and the melt will usually crack so that it can be dislodged from 
the tube with the aid of a steel spatula. 

Add to the tube 30 ml of 18 AT H 2 SO 4 and heat until the melt has dis- 
solved to a clear solution, in which the titanium is present as Ti(S 04 ) 2 - 
Disregard a slight turbidity which may be silica or a difficultly soluble 
sulfate. If any Ti02 forms by hydrolysis, it can usually be distinguished 
by its relatively high index of refraction and appears as sharply contrasted 
white clots. These can usually be dissolved by adding 2 ml of concen- 
trated H2SO4 and boiling gently. Sometimes it is necessary to discard 
the sample. 

Dilute the solution to about 250 ml and pass through a Jones reductor 
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as described on p. 568, but use very little suction and have a piece of 
marble weighing about 5 g in the flask to provide an atmosphere of CO 2 , 
but with no ferric sulfate solution in the flask. First pass 50 ml of 3-5 
per cent H 2 SO 4 through the cleaned and tested reductor containing 
amalgamated zinc (cf. p. 574), then the titanium solution, then 100 ml 
more of 3-5 per cent acid, and finally 100 ml of water. Remove from 
the reductor, add 5 ml of 20 per cent KC'NS solution, and titrate with 
standard ferric alum solution until noticeable red color of Fe(CNS )3 is 
permanent for 90 seconds. Run a blank to determine how much of the 
ferric alum solution is necessary to give an end point with 500 ml of 3 
per cent H2SO4 and 5 ml of the indicator. To prepare the ferric alum 
solution, dissolve 50 g of Fe 2 (S 04 ) 3 *(NH 4 ) 2 S 04 * 24 H 20 in 1 1 of 0.5 N 
H2SO4, and standardize by the above procedure against 0 . 2 -g portions 
of pure Ti 02 . 

Ti+++ -p Fe+++ -> Ti+-^-^ + Fe++ 

Fe++ + 3CNS~ Fe(CNS )3 red end point 

B. POTASSIUM DICHROMATE METHODS 
1. Determination of Iron according to the Method of Penny 

Potassium dichromate is one of the well-known oxidizing agents used 
in volumetric analysis. It reacts, for example, with ferrous, stannous, or 
titanous salts and is reduced, thereby, to trivalent chromic salt. Equa- 
tions for the reduction of the dichromate ion and oxidation of ferrous 
ion, etc., have been given on p. 450. Expressed in terms of electrons, e, 
the equation for the reduction of dichromate can be written 

Cr 207 "“ + 14H+ + 6e = 2Cr+++ + THaO 

and that of the oxidation of ferrous ion 

Fe++ - e = Fe+++ 

These equations represent what actually takes place when the reduc- 
tion of the dichromate is accomplished at the cathode and the oxidation 
of the iron is brought about at the anode of an electrolytic cell. There 
are 6.06 X 10^® actual atoms of iron in a gram atom, and if we multiply 
the actual charge of the electron by 6.06 X 10^ we obtain the value 
96,500 coulombs which is called a faradxiy. When 6 faradays of elec- 
tricity pass through an electrolytic cell containing an acid solution of 
dichromate at the cathode and a ferrous salt at the anode, 1 mole of 
dichromate can be reduced and 6 moles of ferrous iron can be oxidized. 
The above equations, therefore, show that the equivalent weight of 
dichromate is one-sixth of its molecular weight and that of ferrous ion is 
one atomic weight. 
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Preparatioii and Standardization of Dichromate Solution 

Prepare an approximately tenth-normal solution of potassium dichro- 
mate by dissolving not more than 5 g of the salt in water and diluting 
the solution to the volume of about 11.^ 

Prepare an approximately tenth-normal solution of ferrous ammonium 
sulfate by mixing 40 g of the crystals with 50 ml of 6 iV sulfuric acid 
and diluting to about 1 1. The ferrous ions in this solution oxidize 
slowly from atmospheric oxygen that dissolves in the solution. The 
acid is necessary, therefore, to keep the salt in solution since the original 
salt contains acid combined with bivalent ferrous ions and not enough 
for the trivalent iron formed by oxidation. The strength of this solu- 
tion will diminish slowly from day to day. The dichromate solution, 
on the other hand, is very stable. 

To determine the relative strengths of the two solutions, fill a glass- 
stoppered buret with the dichromate solution, observing the usual pre- 
cautions with respect to cleaning and rinsing, and fill a plain buret with 
the ferrous solution. Or, since the relative strengths of the two solutions 
change slightly from day to day and the determination may have to be 
repeated frequently, it is somewhat more convenient to use a 25-ml 
pipet for the ferrous solution, cleaning the pipet carefully (see p. 442) 
and rinsing it with three portions of the solution. 

Run out from the buret about 40 ml of the ferrous solution into a 
beaker or flask of about 300-ml capacity. Add 10 ml of 6 A hydro- 
chloric acid and 100 ml of water. Mix and titrate with the potassium 
dichromate solution. 

Determination of the End Point. The end point of this titration can 
be determined in three ways: (1) by means of an external indicator, 
(2) by an internal indicator, and (3) by the potentiometer. 

(1) The end point of the titration of ferrous ions with dichromate can be deter- 
mined by taking a drop of the solution and testing it on a white porcelain “ spot 
plate ” with a drop of potassium ferricyanide solution. This method is capable of 
giving excellent results after a little practice. Objection can be raised that some 
of the solution is lost by taking out the drops of solution for the tests, and if the 
testing is started too soon, the loss may be appreciable. Since a drop of 0.05 ml is 
only 1/4000 of a total volume of 200 ml, this error is not serious if the iron content 
is less than 0.1 g when the first test is made. Another difficulty lies in the fact that 
a negative test for Fe^'*' in a single drop of solution does not prove positively that 
the entire solution contains less than 0.2 mg of Fe''"^ unless the test serves to indicate 
0.00005 mg of Fe'*"’’ in the drop taken. 

i The dichromate solution can be made exactly tenth-normal by dissolving 4.903 g 
of pure KjCraO? in water, making up to exactly 1 1 in a volumetric flask, and mixing 
well by pouring the solution back and forth from the flask to a dry beaker and back 
to the flask at least four times. 
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(2) Just as there are dyestuffs which change color at a definite pH value of an 
aqueous solution and serve as indicators in alkalimetry and acidimetry, so there are 
rertain organic substances which change color as a result of oxidation or reduction. 
Diphenylamme, (C,H,),NH, diphenylbenzidine (C,H 4 NH C,H,],, and diphenyl- 
amine sulfonic acid, (C.H.)NH(C.H, SO.H), are such substances. Each of thie 
IS ondized less readily than ferrous ions. During the oxidation of Fe++ by CrjOi'", 
the Fe+++/Fe++ oxidation potential rises as the concentration of Fe++ becomes 

and that of the Fe+++ becomes larger, or, in other words, it becomes harder for the oxi- 
dation to take place. There is not quite enough difference between the oxidation- 
reduction potentials of the Fe++VFe++ and that of the above-mentioned organic 
substances to insure that the oxidation of the Fe-^+ is complete before that of the 
amine starts, but this difficulty as well as the effect of yellow ferric chloride in the 
solution can be overcome by adding some phosphoric acid which removes Fe+-^+ and 
FeCla from the solution, forming a colorless acid phosphate complex. On the other 
hand, it requires a measurable quantity of the dichromate solution to accomplish 
the oxidation of the organic compound. This causes a slight error in the opposite 
direction. 

(3) Since the oxidation-reduction potential shown by a platinum electrode 
ineasured against a standard calomel cell changes sharply as soon as 1 drop of 0.1 
dichromate solution in excess is added, the potentiometer is capable of indicating a 
sharp end point in the titration of a ferrous solution with dichromate. 


Any one of the above methods can be used for determining the end point. 
It is important to use the same method in standardizing the solution 
as in the analysis because a slight excess of reagent causes a low stand- 
ardization value and a high value in an analysis. A titration error, 
therefore, is compensated when the same error is made in the standard- 
ization and in the analysis. The compensation is exact when the same 
volume of reagent is used in the analysis as in the standardization. 

1. Prepare a fresh solution of about 10 mg of pur© potassium ferri- 
cyanide in 10 ml of distilled water. Do not attempt to use a solution 
that was prepared on another day. With a stirring rod, transfer small 
drops of this indicator solution to the cavities in a spot plate or to a 
paraffin coating on a white surface. When about 30 ml of the dichro- 
mate solution has been added from a buret, take out a drop of the solution 
on the end of a stirring rod and add it to a drop of the potassium ferri- 
cyanide solution. Wash the stirring rod before returning it to the 
solution. If the test shows a strong blue color, continue adding the 
dichromate in 1.0- to 0.25-ml portions until only a light blue test is 
obtained, and then test after each drop or two. 


If the indicator solution has stood for some time and a little ferrocyanide is present, 
a good end point will not be obtained. If the indicator solution is too strong or 
more than a small drop is used, the test will appear green instead of blue owing to 
the yellow color of the reagent; and with a strong indicator solution a reddish appear- 
ance is sometimes obtained. It is best to add a series of small drops of indicator 
solution to the test plate and add the drops of titrated solution in regular sequence, 
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noting the buret reading corresponding to each test made near the end point. Take 
as end point the first test in which a blue does not develop within 1 minute. 

Compute the value of 1 ml of ferrous solution in terms of the dichro- 
mate solution by dividing the volume of dichromate solution required 
by the volume of ferrous solution taken. 

2. To a carefully measured volume (30-40 ml) of the ferrous solu- 
tion add 5 ml of phosphoric acid, d 1.7, and 0.3 ml of 0.01 M solu- 
tion of the sodium salt of diphenylamine sulfonic acid, and dilute 
to about 300 ml. 

To prepare the indicator solution, dissolve 0.32 g of the barium salt of diphenyl- 
amine sulfonic acid in 100 ml of water, add 0.5 g of sodium sulfate, mix, and allow 
the barium sulfate precipitate to settle. Decant off the clear solution. If this 
indicator is not available, a solution of 0.2 g diphenylamine in 100 ml of pure, concen- 
trated sulfuric acid can be used instead. 

Add the dichromate solution slowly while stirring until the original 
pure green color changes to a gray, a greenish gray, or a bluish green if 
considerable iron is present. From this point, add the dichromate 
1 drop at a time until the first tinge of purple appears and remains on 
stirring. From the total volume of dichromate used, subtract 0.05 ml 
as a blank on the indicator. Divide the volume of dichromate required 
by the volume of ferrous solution taken to get the value of 1 ml of the 
latter in terms of the former. 

The color change at the end point is easy to see with a little practice provided 
that the solution contains sufficient mineral acid and the phosphoric acid. When, 
however, an excess of dichromate is added, the mixture of yellow CrOi (formed 
from Cr 207 "“ by hydrolysis), green Cr+++, and the indicator does not assume a deeper 
purplish tint. Moreover, the gray, greenish gray, and bluish green shades mentioned 
above are not always noticed. With practice it is easy to tell whether the solution 
has the green color characteristic of the indicator and Fe^”^ or not. If it has not, 
and further addition of a little more K 2 Cr 207 produces no noticeable change, the only 
thing to do is to titrate back with standard Fe’'"^ solution until a clear light green 
color is obtained and then finish by adding more K 2 Cr 207 "" until the purple tint is 
seen. 


Standardization of the Dichromate Solution. Potassium dichromate 
can be obtained sufficiently pure to serve as a standard. A solution of 
potassium dichromate of known strength, theref ore, can be obtained by 
weighing out the requisite quantity of the pure, recrystallized salt 
(4.904 g for 1 1 of tenth-normal solution) into a volumetric flask, dis- 
solving in a little water, diluting up to the mark, and mixing thoroughly 
by pouring back and forth at least four times into a beaker which is 
clean and dry at the start. The solution can be standardized in three 
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ways: (1) against a sample of pure ferrous ammonium sulfate, (2) against 
a sample of pure iron wire or iron of known purity, or (3) against a ferrous 
solution which has been titrated within a few hours against a solution 
of potassium permanganate which has been standardized recently 
against sodium oxalate. If the first method is chosen, it is always well 
to test the solution after it has been prepared by one of the other 
methods. 

Against the second method of standardization, objet tion has been raised that it 
has been found difficult to prepare absolutely pure iron. Moreover, the impurity 
present may be oxidizable so that if the purity of the sample is known it is also 
desirable to know what the impurities are. Electrolytic iron, therefore, has been 
recommended, but even this is sometimes impure and it is troublesome to ask each 
student to prepare his own material. If the sample of iron is in contact w'ith moist 
air, it rusts quickly. Similarly with rcspe<*t to the ferrous amnioniurn sulfate, 
FeS04-(NIl4)2S0 4*6 HjO, or ferrous sulfate, FeS()4-71l20, it is possible to purchase 
samples which are at least 99.9 per cent pure; but if the open bottle is allowed to 
stand in the air, some water of crystallization is usually lost and salts with water of 
crystallization are not ideal standards. For the purposes of instruction, " iron for 
standardization ” or pure ferrous ammonium sulfate (Mohr’s salt) can be used 
satisfactorily, but the student should bear in mind that, although the results of his 
analyses may agree perfectly, the actual values may be as much as 0.25 per cent of 
the total iron content in error when these faulty standards are used. 

1. Standardization against Pure Ferrous Ammonium Sulfate. Weigh 
out portions of 1. 5-2.0 g of pure Mohr’s salt, recording the weight to the 
nearest milligram. Add 10 ml of 6 W hydrochloric acid, dilute and 
titrate promptly with potassium dichromate solution, using the same 
method of determining the end point as that chosen for the preliminary 
titration of dichromate against ferrous sulfate solution (p. 576). If the 
solution stands long it will become oxidized to some extent and become 
useless as a standard. 

Since the equivalent w^eight of FeS 04 *(NH 4 ) 2 S 04 ' 6 H 20 is the molecu- 
lar weight, 392.14, the normal concentration N of the dichromate 
solution will be found by the formula p/(n X 0.3921) = N when n ml of 
dichromate is used in titrating p g of pure ferrous ammonium sulfate. 

2. Standardization against Iron. Weigh out accurately 0.24- to 0.26-g 
p)ortions of pure, bright iron wire, handling it as little as possible, rolling 
it up so that it will not interfere with the free movement of the balance 
and discarding any rusty wire. Drop each weighed portion of wire into 
an Erlenmeyer flask containing 30 ml of 6 AT hydrochloric acid. Place 
a small watch glass on the flask or, still better, a stemless, 40-mm funnel 
in the neck, and heat gently until all the wire is dissolved. Wash down 
the sides of the flask with a little hot water, and add stannous chloride 
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from a dropper until the solution is colorless,^ but avoid adding an 
excess. Dilute with 150 ml of water, cool under the water faucet, and 
add 10 ml of mercuric chloride solution. Allow to stand about 2 minutes 
and titrate with dichromate, determining the end point as described 
on p. 576. 

From the net volume of potassium dichromate solution, n ml, required 
to oxidize a solution of ferrous salt from p g of iron wire, compute the 
normality of the dichromate solution as follows: 



n X 0.05585 


3. Indirect Standardization against Sodium Oxalate. Either of tlie above methods 
of standardization will give results which are sufficiently accurate for practice 
with the potassium dichromate titrations. If, however, it is desired to get results 
which will be correct within less than 0.2.5 per cent of the total iron content (e.g., if it 
is desired in the analysis of an iron ore containing 60 per cent Fe^Oa to get results 
which are within less than 0.15 per cent of this value), neither method is satisfactory. 
If the bottle containing the ferrous ammonium sulfate is left standing exposed to the 
air, and this will happen when a sample is kept in a phial under a cork stopper 
because cork, unless paraffined, is not impervious to air, there will be a gradual efflo- 
rescence of the crystals and as a result the iron content will become greater than the 
theoretical value of the pure salt. When iron wire is used as a standard, there may 
be some unobserved rust on the wire or there may be sufficient impurity in the 
metal to affect the results appreciably. 

The Bureau of Standards will furnish at a reasonable price a sample of sodium 
oxalate which, when handled as directed, may be regarded as better than 99.99 per 
cent pure. The reaction between sodium oxalate and potassium dichromate cannot 
be used to serve as a direct method of standardization. In cold, dilute acid solutions, 

'There is usually a slight oxidation of the iron and formation of yellow ferric 
chloride, unless special pains are taken to exclude air during the heating and cooling. 

4Fe++ -f O 2 + 4H-^ 4Fe+++ + 2 H 2 O Fe+++ + SCI" ?=> FeCl, 

The stannous chloride reduces the ferric salt: 

2FeCl3 + SnCb = 2 FeCl 2 + SnCb 

and the excess reducing agent reacts with mercuric chloride to form a precipitate of 
mercurous chloride: SnCb + 2 HgCl 2 Hg 2 Cl 2 + SnCb, provided that a con- 
siderable excess of mercuric chloride is added. If, however, too much stannous 
chloride is present, some metallic mercury is precipitated; 

SnCla + HgCb -> SnCb + Hg 

and the analysis is spoiled, because the precipitated mercury dissolves in acid when 
an oxidizing substance is present. The mercurous chloride precipitate should be 
white and silky in appearance; if it is dark colored, discard the solution. 

As reagents use a solution of 50 g SnCla'2H20 in 100 ml of concentrated hydro- 
chloric acid, and a solution of 27 g mercuric chloride in a liter of water. 
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the oxalate ion is not oxidized quantitatively by dichroniate. An indirect method, 
however, can be used. 

Procedure. Standardize a solution of potassium permanganate 
against pure sodium oxalate as directed on p. 538. With the aid of a 
pipet, transfer 25-ml portions of a ferrous sulfate solution (see p. 576) to 
each of four 400-ml beakers or 300-ml Erlenmeyer flasks. Titrate two 
of these portions against the pota.ssium permanganate solution which 
has just been standardized and the other two ix)rtions against the 
potassium dichromate solution. Then if a ml of A^a-uormal perman- 
ganate are used and h ml of the dichromate solution, the normal concen- 
tration, Nb, of the latter is (a/b)'Na = Nb. Each of the above titrations 
should agree within 2 parts in 1000 of its duplicate, and the final results 
should be within 0.2 per cent of the truth. 

Determination of Iron in Limonite 

Weigh out accurately to four decimal places about 0.5 g of finely 
powdered ore into a small porcelain cnicible. Using a small flame, roast 
the ore at dull redness for 5 minutes to destroy organic matter. Allow 
the crucible to cool, transfer the limonite to a small beaker, and remove 
the stain in the crucible by heating with four 5-ml portions of 6 A hydro- 
chloric acid. Heat the limonite with the acid until the residue no 
longer shows the limonite color. Add stannous chloride dropwise to 
the hot solution until the yellow color due to ferric chloride disappears 
and the solution is nearly colorle.ss,' but avoid an excess. If more than 
1 drop in excess is added, add a little potassium permanganate till a 
yellow color is obtained and repeat the reduction. Cool, dilute to 50 
ml, and quickly add 8 ml of saturated mercuric chloride solution. Wait 
3 minutes to make sure that the reaction is complete, transfer to a larger 
beaker, dilute to about 300 ml, and titrate with dichromate without 
further delay. 


Determination of Chromium in Chromite 

By fusion with sodium peroxide, the trivalent chromium is oxidized to chromate: 
2 FeCr 204 + YNajOj 2NaFe02 + 4Na2Cr04 -f- 2Na20 

1 The addition of 3 ml of 0.6 per cent stannous chloride solution will hasten the 
dissolving of the limonite. It is important to avoid an excess of stannous chloride 
which will cause reduction of mercuric chloride to mercury and spoil the analysis. 
The roasting in the porcelain is unnecessary if the ore contains no organic matter. 
Sometimes a little Na2C08 added to the ore before the roasting helps to make the 
sample dissolve more readily in acid. 
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When the melt is leached with water, the iron is precipitated as ferric hydroxide 
and the chromate dissolves: 

NaFeOj + 2HaO — NaOH + Fe(OH)a 

It is well to add a little more peroxide to make sure that the chromium is fully 
oxidized. Then the excess peroxide is decomposed by boiling the alkaline solution, 
the precipitate is dissolved in sulfuric acid, a known volume of standard ferrous 
sulfate is added, and the excess ferrous salt is titrated with dichromate. 

Weigh out 0.3-0.5 g of ore into a 30-35 ml iron crucible and mix with 
about 4 g of sodium peroxide, using a dry stirring rod. Remove any 
adhering powder from the rod by stirring about 1 g of sodium peroxide 
with it. Cover the mixture in the crucible with this last portion of 
peroxide. Place the lid on the crucible, gradually heat the contents 
to the melting point, and maintain the fusion temperature for 5-6 
minutes. Allow the melt to cool, place the crucible in a 300-ml beaker, 
and add 150 ml of cold water, keeping the beaker covered to avoid loss 
by effervescence. 

When the fused mass has disintegrated, remove the crucible and wash 
it thoroughly. Add 0.5 g more of peroxide and gradually heat the 
liquid to boiling. Boil very gently for 15 minutes to make sure that 
all peroxide is decomposed. Allow the solution to cool somewhat, make 
distinctly acid to litmus, and add 10 ml of 6 A sulfuric acid in excess. 
Dilute to 200 ml and add, from a clean pipet, which has been rinsed 
three times with a little of the solution, 25 ml of standard (approximately 
0.1 N) ferrous ammonium sulfate solution. Stir and test a drop of the 
solution on a white surface with fresh potassium ferricyanide solution. 
If no blue color is obtained, add another 25-ml portion of ferrous salt 
and continue adding it until an excess is present. Then titrate the excess 
with 0.1 A potassium dichromate solution. 

On the same day that the analysis is made, take 25 ml of the ferrous 
solution, dilute to 300 ml, add 10 ml of 6 A sulfuric acid, and titrate 
with potassium dichromate solution. Compute the percentage of 
chromium present as follows: 

Let a = milliliters of A-normal K 2 Cr 207 required to neutralize one 
pipetful of ferrous solution. 

h «= number of pipetfuls of ferrous solution used (p. 576). 

n = milliliters of K 2 Cr 207 used in the final titration. 

8 = weight of sample. 

e = milliequivalent weight (0.01734 g Cr; 0.02534 g Cr208; 
0.03731 g FeCr204). 

(a-6 — n)A X e X 100 ^ 
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The analysis can be made with diphenylamine sulfonic acid as indicator. 
In this case it is necessary to add phosphoric acid, and proceed as 
described on p. 578 after adding enough ferrous salt to give a clear blue 
color to the solution. 


C. lODlMETRY 

The fundamental reaction of iodimetry is the following: 

2Na2S203 + I2 = 2NaI -f- Na2S406 
or 28203"' -f I2 -> 21" + S4O6" 

If to a solution containing a little iodine some starch solution is 
added, and sodium thiosulfate solution is run in from a buret, the blue 
color of the iodo-starch will disappear from the solution as soon as all the 
iodine has been reduced to iodide in accordance with the above equation. 
This is one of the most sensitive reactions used in analytical chemistry. 
If, therefore, a sodium thiosulfate solution of known strength is at hand, 
we have a means of determining not only iodine itself, but all those 
substances (oxidizing agents) which when treated vdth potassium iodide 
set iodine free, or when acted upon by hydrochloric acid evolve chlorine. 
Consequently, iodimetric processes are not only accurate but also capable 
of most general application. 

Under iodimetry two kinds of methods are studied: (a) direct methods, in which 
iodine solution is used as the reagent and the end point is the blue color imparted to 
starch as soon as 1 drop of the reagent in excess has been added; and (b) indirect 
methods, in which an acid solution of some oxidizing agent is treated with an excess 
of potassium iodide and iodine equivalent to the quantity of oxidizer present is 
liberated. In the direct methods, iodine is used as an oxidizing agent; in the indirect 
methods hydriodic acid is used as a reducing agent. Iodimetric methods have, 
therefore, been applied to numerous reactions of oxidation and reduction. As a 
rule, these methods are sensitive and accurate. Direct iodimetric methods are the 
oxidation of sulfurous acid to sulfuric acid, of hydrogen sulfide to free sulfur, of 
stannous chloride to stannic chloride, of arsenite to arsenate in a solution kept 
nearly neutral, and of trivalent antimony salt to the quinquevalent condition in a 
neutral solution. Indirect methods in which iodine equivalent to the substance 
analyzed is liberated by adding an excess of potassium iodide to the acid solution are 
illustrated by the determinations of bromine, chlorine, iodate, periodate, hypo- 
bromite, bromate, hypochlorite, chlorite, chlorate, persulfate, permanganate, hydro- 
gen peroxide, nitrite, arsenate in strongly acid solutions, ferricyanide, chromate, 
permanganate, manganese dioxide, lead dio.xide, minium or red lead, ferric ions, 
cupric ions, and antimonate ions. 

The words iodimetric and iodometric have been used more or less indiscriminately 
by chemists. Thus, of thirteen textbooks selected at random, the former spelling is 
preferred in nine, and the latter spelling in four. In the excellent work of Kolthoff 
and Sandell, however, a distinction i§ made and iodimetric procedures are defined 
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as those in which iodine solution is used as oxidant and iodometric methods as those 
in which iodine is liberated and the final titration is made with thiosulfate. It is not at 
all unreasonable to make such a distinction, and perhaps in the future it will be made 
more generally. In this book, as the above paragraph shows, there is no attempt to 
make such a distinction, and the term iodimetric is used to cover both types of reac- 
tions. In the previous edition, the other spelling was used. 

The potential of the normal iodine/iodide system is -f-0.535 volt, which shows that 
iodine is a much weaker oxidizing agent than permanganate, ceric salt, or dichromate. 
Its potential does not depend upon the acidity of the solution, but the normal poten- 
tials of anions such as permanganate, dichromate, arsenate, antimonate, etc., do to a 
marked degree. For example, it is possible to oxidize arsenic quantitatively by 
iodine from the trivalent to the quinquevalent state if the pH is kept between 4 
and 9, but in the presence of considerable hydrochloric acid the reduction from the 
quinquevalent to trivalent state takes place completely upon the addition of an 
excess of potassium iodide. 

The end point in iodimetric processes is usually determined by the blue color 
of starch iodide which is formed when starch is present as soon as a very slight 
excess of iodine is present. In making titrations with iodine, therefore, starch can 
be added at the start and the approach of the end point will be shown by the forma- 
tion of a dark blue color when the drop of iodine touches the solution but the color 
fades as the solution is stirred. At the end point, the color will not fade. In the 
indirect titrations, on the other hand, the starch should not be added until toward 
the end of the titration, when the. presence of free iodine is not clearly shown by the 
lack of brown color. 

Instead of starch, many chemists prefer to use carbon tetrachloride. One liter 
of pure water will dissolve only about 0.32 g of pure iodine, but the same quantity of 
CCI4 will dissolve over 30 g of it. Iodine, therefore, is about 100 times as soluble 
in the CCI4 as it is in water, and the CCI4 solution is very highly colored. When 
CCI4 is added to a water solution it falls to the bottom of the vessel and does not 
dissolve appreciably. If the water contains a little dissolved iodine, then, on shak- 
ing the greater part of the iodine will dissolve in the CCI4, because of its greater 
solubility in it, and the color of the few drops of CCI4 will be very much deeper than 
that of the original aqueous solution. Indirect iodimetric titrations are, therefore, 
often made in a 250-ml glass-stoppered bottle. After adding the excess of potassium 
iodide, a little carbon tetrachloride is added and the titration with sodium thiosulfate 
is begun. At first the presence of iodine in the aqueous solution will be apparent, 
and gentle rotation of the liquid causes sufficient mixing. Toward the end of the 
titration, the bottle is stoppered and shaken after each addition of sodium thiosulfate, 
and the end point is when the CCI4 solution becomes colorless. In the distribution 
of a substance between two immiscible solvents, the ratio of the concentrations 
remains constant for a given molecular species. Therefore, as soon as some of the 
iodine is reduced in the aqueous layer by means of the thiosulfate, some of the iodine 
will pass from the CCI4 to the water. Shaking the mixture helps to establish the 
equilibrium by breaking up the CCI4 bubble and forcing it through all parts of the 
aqueous solution. This method is more sensitive than the determination of the end 
point with starch. 

It was stated above that only about 0.32 g of iodine will dissolve in a liter of water. 
This corresponds to a normal concentration of 0.0025. In aqueous potassium 
iodide solution, the solubility is increased greatly; thus by adding 65 g of KI to a 
liter of water as much as 35 g of iodine will dissolve, which corresponds to a normal 
concentration of 0.275, and if 100 g of KI is present in 200 ml of water 153 g of 
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iodine will dissolve. In such solutions, the following reaction takes place to a 
considerable extent: 

I 2 “h 1" — ♦ Is" 

The reaction constant for this equilibrium has the high value of 770. The vapor 
pressure of the iodine from the aqueous solution is lowered by the formation of the 
triiodide anion, and yet the solution as a reagent behaves exactly like free iodine. 
To a considerable extent the potassium iodide interferes w’ith the dissolving out of 
the iodine by another solvent such as CCI 4 but not enough to prevent the determina- 
tion of the end point as indicated above. 

The Starch Solution 

Triturate 0.5 g of soluble starch with a little cold water to a thin paste, 
rinse this into 25 nil of boiling water, and boil about 2 minutes. Cool, 
and add 1.0 g of KI. Use 0.5 ml for each 100 ml of solution. 

Sensitiveness of the lodo-Starch Reaction 

Iodine produces a blue color with starch only when hydriodic acid or a 
soluble iodide is present, and further, the formation of the blue color 
not only depends upon the presence of iodide but also is largely influenced 
by the concentration of the iodide solution. With the same amount of 
iodide and different volumes of liquid quite different amounts of iodine 
are necessary to produce the blue color. From this it is evident that in 
any iodimetric analysis about the same concentration should be main- 
tained as in the standardization of the solutions used for the analysis. 
When 0. 1 W solutions are used, the error produced by not following 
this rule is a small one and for most purposes can be neglected. On the 
other hand, when an analysis is made with 0.01 N solutions, a large 
error may be introduced and a blank should always be made to deter- 
mine how much iodine solution is required to give an end point. The 
results of a series of experiments show that the amount of iodine solution 
necessary to produce the blue color in the absence of potassium iodide 
is directly proportioned to the dilution. If the solution contains 1 g 
of potassium iodide, a blue color will be produced by the same amount 
of iodine solution as long as not more than 150 ml of solution is present, 
but with a greater volume than that, more iodine is necessary irrespective 
of whether the solution contains 1 g or more of ix)tassium iodide. 

Preparation of Sodium Thiosulfate Solution 

From the equation on p. 583 it is evident that an equivalent weight 
of iodine, the atomic weight in grams, is equal to 1 mole of Na2S203. 
Hence, exactly 0.1 mole of crystallized sodium thiosulfate (Na2S203 + 
5H2O) is required to make 1 1 of tenth-normal solution. 
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A solution of pure sodium thiosulfate in doubly distilled water will 
keep very well, but thiosulfate solutions usually deposit sulfur on stand- 
ing and the titer changes until the decomposition brought about by 
impurities is complete. The principal cause of the decomposition is 
bacterial action. Sterile solutions, free from carbon dioxide, keep 
indefinitely. The addition of about 3.8 g of borax per liter helps to keep 
the solution sterile, but the solution should be filtered if turbid. 

Prepare the thiosulfate solution by dissolving the required amount of 
the commercial salt in freshly boiled water containing a little borax. 
If convenient, it is well to let the solution stand a week or so before 
determining its exact concentration. 

The molecular weight of Na 2 S 203 * 5 H 20 is 248.19.^ To prepare 1 1 of 
0.1 iV solution 24.82 g of the salt is necessary, or, in round numbers, 25 g. 

Standardization of Sodium Thiosulfate Solution 

1. With Copper Wire 

In technical work it is customary to standardize the thiosulfate solu- 
tion against pure copper. Weigh out 0.2 g of pure copper wire into a 
200-ml Erlenmeyer flask and dissolve in 5 ml of 8 A HNO 3 . Dilute with 
25 ml of water, boil a minute to remove oxides of nitrogen, and add 1 g of 
urea. Remove the flask from the flame and add strong ammonia until 
a white precipitate begins to form; if a permanent blue color is pro- 
duced, boil off the excess ammonia. Add 7 ml of glacial acetic acid or 
20 ml of 6 A acetic acid, which dissolves any precipitate or copper 
oxide that has formed. Cool to room temperature, add 3 g of potassium 
iodide, and titrate the brown solution with sodium thiosulfate until 
nearly colorless, then add starch solution, and complete the titration. 
In making the titration for the first time, one is bothered somewhat 
by the fact that the cuprous iodide is usually colored a little by adsorbed 
iodo-starch and is not a pure white at the end point. If t ml of the 
thiosulfate solution were used in titrating a g of copper, then 1 ml of 
thiosulfate = a/t g Cu and the thiovsulfate solution is a/(t X 0.06357) 
normal. The reactions that take place can be expressed as follows: 

3 Cu + 8H+ + 2NO3' 3Cu++ + 4H2O + 2 NO ] 

HNO2 + Br2 4 - H2O -> HNO3 + 2 HBr 

Cu++ + 4NH3 -> Cu(NH 3 ) 4 ++ 

Cu(NH 3 ) 4 '^'*‘ + 4HC2H3O2 —>■ Cu**^ + 4 NH 4 '^ + 4C2H8O2 

2Cu++ + 41" -> CU2I2 + I2 

I2 + 2S203”->2I" +S 406 “- 

Although 4 molecules of iodide react with 2 of copper, only 1 molecule 
of iodine is liberated. The equivalent weight of copper, therefore. 
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corresponds to the reduction of bivalent copper to univalent copper and 
is the atomic weight of copper. 

Note: The precipitate of cuprous iodide is usually colored pink at the end point 
because of adsorbed iodine, and this iodine slowly conies back into solution to give a 
fading end point. The addition of 2 g KCNS or NILCNS (dissolved in 10 ml of 
water) a little before the end point is reached, when the starch indicator solution is 
to be added, will serve to displace the iodine adsorbed on the surface of the precipitate 
and give a better end point. A little nitrolienzene has the same effect. 


2. With Pure Iodine 

Commercial iodine is contaminated with chlorine, bromine, water, 
and sometimes cyanogen; it must be purified. For this purpose grind 
5 or 6 g of the commercial product with 
2 g of potassium iodide; any chlorine or 
bromine present forms potassium chlo- 
ride or bromide, setting free an e(iuivalent 
amount of iodine. Place the mixture in 
a dry casserole (Fig. 86)^ which rests in 
a muffle. Upon the casserole place a 
flask filled with cold water. Have a 
wire gauze at the bottom of the muffle 
and a Bunsen flame beneath this. The 
iodine sublimes rapidly and collects as a 
crystalline crust on the bottom of the 
flask, and practically none of it is lost. 

As soon as the evolution of violet vapors 
from the bottom of the casserole has 
practically ceased, the sublimation is 
complete. Remove the flame and, after 
allowing to cool, take away the flask with the iodine adhering to it. 
To remove the iodine, pass a current of cold water through the 
tube a into the flask and out at h. This causes the glass to contract 
somewhat and the whole of the iodine crust can be removed by lightly 
scraping with a clean glass rod. Catch it upon a watch glass, break it 
up into large pieces, and repeat the sublimation without the addition 
of potassium iodide at as low a temperature as possible; in this way 
a product free from potassium iodide is obtained. Grind the iodine 
somewhat in an agate mortar and dry in a desiccator containing 
calcium chloride. If dried over sulfuric acid, some of the acid is 



‘ C. R. McCrosky, J. Am. Chem. Soc., 40, 1664 (1918). 
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likely to be present in the iodine. Furthermore, the cover of the 
desiccator must not be greased, for grease is attacked by iodine vapors, 
forming hydriodic acid, which might cause contamination. 

^ Weighing out the Iodine. In each of 2 or 3 small weighing tubes with 
tightly fitting glass stoppers place 2-2.5 g of pure potassium iodide free 
from iodate and 0.5 ml of water (not more); stopper the tubes and 
weigh accurately. Then open the tubes and add 0.4-0.5 g of pure 
iodine to each. Quickly insert the stopper and again weigh; the differ- 
ence shows the amount of iodine. As the tubes are cooled by the 
dissolving of the iodine, moisture sometimes collects on the outside and 
must be wiped off before weighing. The iodine dissolves almost 
instantly in the concentrated potassium iodide solution. Place one of 
the tubes in the neck of a 500-ml Erlenmeyer flask which is held in an 
inclined position and contains 200 ml of water and about 1 g of potassium 
iodide. Drop the tube to the bottom of the flask, but just as it begins to 
fall remove the stopper and allow it to follow. In this way no iodine is 
lost, which is likely to happen if the contents of a tul)e are washed into 
the water. A solution is thus prepared containing a known amount of 
iodine. To it add the sodium thiosulfate solution to be standardized 
from a buret until the liquid is pale yellow. Then add 2 or 3 ml of starch 
solution and carefully titrate until colorless. From the mean of two or 
three determinations, the strength of the thiosulfate solution is cal- 
culated. 

If the weight of iodine equivalent to 1 ml of sodium thiosulfate solu- 
tion is divided by 0.1269 (the milliequivalent of iodine), the normality 
of the solution will be obtained. 

3. With Potassium Permanganate (Volhard) 

On adding potassium permanganate to an acid solution containing 
potassium iodide, the following reaction takes place: 

2 Mn 04 " + lOr + 16H+ 2Mn++ + 8 H 2 O + 5 I 2 

The reaction is quantitative if the correct conditions are maintained. 

Measure out 25-^0 ml of standardized tenth-normal permanganate 
solution from a pipet or buret into a 300-ml Erlenmeyer flask containing 
3 g of potassium iodide, 50 ml of water, and 5 ml of concentrated hydro- 
chloric acid. Let stand in the dark for 3 minutes, dilute to 200 ml, and 
titrate slowly with the thiosulfate solution, adding 2 ml of starch indica- 
tor solution toward the last. 

4. With Potassium Dichromate 

The reaction between potassium dichromate and potassium iodide 
can also be used for the standardization of sodium thiosulfate solutions; 
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the dichromate is reduced to green chromic salt and an equivalent weight 
of lodme being set free provided that the solution is 0.2-0.4 N in acid. 

Cr207~" + 61“ + 14H+ -> 2Cr+++ + 3I2 -f 7H2O 

Prepare tenth-normal potassium dichromate solution by dissolving 
4.903 g of the pure, dry salt in water and diluting to 1 1 at 20° in a 
measuring flask. Mix well by pouring back and forth from the flask to 
a beaker at least 4 times. Mea.surc out 20-40 ml of the dichromate 
solution, with a pipet or buret, into a 500-ml beaker containing 50 ml 
of water, 10 ml of concentrated hydrochloric acid, and 3 g of potassium 
iodide. Allow the reaction to proceed in the dark for 5 minutes, 
then dilute to 400 ml and titrate with tenth-normal thiosulfate solution, 
adding starch toward the last. 

5. With Polasstmn Biiodate {C. ThaiiY 

If a solution of potassium biiodate is added to a solution of potassium 
iodide containing hydrochloric acid, the following reaction takes place: 

+ lOKI + llHCl = llKCl + 6II2O + 6I2 

389.95 15 ^ 

If, therefore, 3.250 g of pure potassium biiodate is contained in 
1 1 of the aqueous solution, 10 ml of such a solution on being treated 
with an excess of potassium iodide and hydrochloric acid will set free 
exactly as much iodine as would be contained in 10 ml of 0.1 A iodine 
solution. By means of such a .solution a known amount of iodine may 
be obtained at any time and in this way the solution of sodium thio- 
sulfate may be standardized. At present it is possible to obtain com- 
mercially very pure potassium biiodate, but it is best to prepare a 
solution by weighing out 3.250 g per liter and determine the concentra- 
tion accurately by titrating it again.st a solution of thiosulfate which 
has been freshly standardized against pure iodine. In this way a solu- 
tion is obtained which can be conveniently used from time to time for 
testing the concentration of the thiosulfate solution. 

Method of Titrating, Place 1-2 g of pure potassium iodide in a 
beaker, dissolve in as little water as possible, and to this add 5 ml of 
6 N hydrochloric acid, and then 20-25 ml of the biiodate solution 
(never in the reverse order). Iodine is liberated, immediately and 
quantitatively. Dilute with 200 ml of distilled water, and titrate the 
iodine as under 1. 

\/^emark. Instead of a solution of potassium biiodate, solid potassium iodate or 
potassium bromate can be used. One mole of each of these last two salts liberates 
3 moles of 1 2 when treated with potassium iodide and dilute acid. 


1 Z. anal. Chem., 16, 477 (1877). 
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Preparation of Tenth-Normal Iodine Solution 

No advantage is obtained by dissolving the desired quantity of 
sublimed iodine in a definite volume of solution, for the latter cannot 
be kept very long unchanged. It is more practical to prepare the iodine 
solution by placing 20-25 g of pure potassium iodide in a liter bottle, 
dissolving it in as little water as possible, and then adding about 12.7 g 
of commercial iodine, weighed out roughly on a watch glass. Shake 
the contents of the flask until all the iodine is dissolved. When this is 
accomplished, dilute the solution to about 1 1 and standardize according 
to one of the following methods. The solution should be used in a glass- 
stoppered buret. 


Standardization of Iodine Solution 

1. With 0.1 N Sodium Thiosulfate Solution 

Take 25 ml of the well-mixed iodine solution in a 250-ml Erlenmeyer 
flask, dilute to 100 ml and introduce 0.1 AT Na 2 S 203 solution until nearly 
all the iodine has reacted as shown by the color. Add 1 ml of starch 
paste and titrate slowly until colorless. 

Remarks. To titrate a solution of iodine obtained from a solution of iodide-iodate 
mixture, titrate in the same way but in the presence of 20 millimoles of free hydro- 
chloric acid. 


2. With Arsenious Acid 

If iodine is allowed to act upon a neutral solution of arsenious acid 
the reaction which takes place may be expressed as follows: 

HzAsOs” + I 2 + 2HC08“ = H2As04' + 21" + H 2 O -|- 200* 

It is necessary to keep the solution neutral or the opposite reaction will 
take place: 

H 2 ASO 4 " + 21" -h 6H+ = A8+-H- -h I 2 -h 4HaO 

In a neutral solution arsenite can be oxidized quantitatively by means 
of free iodine, but in strongly acid solution arsenic acid can be reduced 
quantitatively to the tri valent condition by means of iodide (cf. p. 584). 
To accomplish a complete oxidation of the arsenic by iodine, the solu- 
tion must be kept approximately neutral to phenolphthalein. This is 
usually accomplished by providing an excess of sodium bicarbonate, by 
adding normal sodium carbonate to the cold acid solution, or by adding 
some disodium phosphate. Caustic alkali cannot be used because it 
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reacts with iodine to form hypoiodite and iodide. A little neutral sodium 
carbonate does no harm if added to an acid solution because the liberated 
carbon dioxide neutralizes the hydroxyl ion formed by hydrolysis of the 
carbonate. 

From the above equation, and the fact that the valence change of 
arsenic is 2, it follows that the equivalent weight of arsenic is one-half 
the atomic weight. Ordinarily, the arsenite solution is prepared by 
weighing out pure AS2O8. As the molecule contains 2 atoms of arsenic, 
it is evident that one-fourth the molecular weight in grams is the equiva- 
lent weight of AS2O3. 

To prepare 0.1 arsenious acid solution, dissolve 4.946 g of the pure 
sublimed oxide and 15 g of sodium carbonate by warming with 150 
ml of water. Transfer the solution to a liter measuring flask, add 25 ml 
of normal acid, and dilute at 20° to the mark. 

To prepare pure arsenious oxide from the commercial product, sublime 
by heating in a porcelain dish and collect the sublimate on a watch glass. 
If a yellow sublimate of sulfide is noticed, dissolve the sample in hot 
4 N hydrochloric acid, filter off the undissolved sulfide, and cool the 
filtrate to cause crystals to deposit. Filter, wash with water, and then 
sublime. Dry over calcium chloride in a desiccator. 

Titrate the arsenite against the iodine solution in the usual way. 
Deiss,^ however, finds that iodine gradually changes to iodate on stand- 
ing and the iodate does not react with arsenic in the presence of sodium 
bicarbonate. He proceeds as follows: 

Add 25 ml of the iodine solution to 200 ml of water. Add 2 ml of 
6 N hydrochloric acid and then 2 g of sodium bicarbonate. As soon as 
it has dissolved titrate with sodium arsenite. 

A solution of sodium arsenite gradually oxidizes on long standing.* 

3. With Anhydrous Sodium Thiosulfate 

Anhydrous sodium thiosulfate may be prepared in a state of sufficient 
purity to permit its use for standardizing iodine solutions. Prepare 
a saturated filtered solution of the commercial salt at 30° to 35° and 
then cool while stirring constantly. Collect the salt that deposits; 
dry over sulfuric acid until it falls to a powder and a little of it in a 
test tube shows no sign of fusion when heated to 50°. Effect the final 
dehydration by heating at 80° with repeated stirring of the powder. 

1 Chem. Ztg., 38 , 413. 

* S. W. Young, J. Am. Chem. Soc., 26, 1028 (1904). 

* F. A. Gooch and F. H. Heath, Am. J. Sci.f [41, 24 , 68 (1907); F. H. Heath, ibid., 
[41, 26 , 513 (1908). 
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Young standardized a solution of iodine by this method and obtained 
the same value as by titrating against a thiosulfate solution which had 
been standardized against pure iodine. 

Analyses by lodimetric Methods 

1. Determination of Free Iodine 
1000 ml of 0.1 A” thiosulfate solution = 12.69 g I 

Dissolve the iodine in a solution of potassium iodide and titrate either 
with sodium thiosulfate or with arsenious acid exactly as described 
under the standardization of an iodine solution. 

2. Determination of Chlorine in Chlorine Water 

1000 ml of 0.1 iV thiosulfate solution = 3.546 g Cl 

Add a measured amount of chlorine water to a solution containing 
an excess of potassium iodide. Hold the point of the pipet just above 
the surface of the iodide solution contained in a glass-stoppered bottle. 
After the chlorine water has been added, stopper the bottle, vigorously 
shake the contents, and titrate the liberated iodine with sodium thio- 
sulfate as above: 

2KI + CI 2 = 2KC1 -f I 2 

3. Determination of Bromine in Bromine Water 

1000 ml of 0. 1 N thiosulfate solution = 7.992 g Br 

The procedure is the same as under 2: 

2KI -h Br 2 = 2KBr + I 2 

4. Determination of Hypochlorous Acid in the Presence of Chlorine 

The determination is based upon the following reactions: 

HOCl -b 2KI = KCl + KOH + I 2 
CI 2 + 2KI = 2KC1 -b I 2 

One mole of hypochlorous acid liberates 1 mole of iodine but produces 
at the same time 1 mole of potassium hydroxide, while the chlorine 
simply sets free an equivalent amount of iodine. After neutralizing 
the alkali by means of an excess of hydrochloric acid and determining 
the iodine by titration with sodium thiosulfate, the excess of hydro- 
chloric acid is titrated with standard alkali solution. 
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Procedure. Add a measured excess of 0.1 hydrochloric acid to a 
potassium iodide solution, and to this add a known amount of the 
solution containing chlorine and hypochlorous acid. Titrate the iodine 
set free with 0.1 A thiosulfate solution. Then add methyl orange to 
the colorless solution and titrate the excess of hydrochloric acid with 
0.1 N NaOH. The alkali hydroxide produced by the action of the 
hypochlorous acid upon the iodide requires half as much 0.1 N acid for 
neutralization as is required of 0.1 A Na2S20s solution to react with 
the iodine set free by the action of the hypochlorous acid. 

Example. If F ml of chlorine -f hypochlorous acid solution was taken for 
analysis, « ml O.l HCl was added at the start, T ml 0.1 Na2S20s used for titrating 
the iodine, and h ml 0.1 N NaOH for titrating the ext^ess of acid, then t — t\ ml of 0.1 
N acid was required to neutralize the alksdi hydroxide and 2 {t — h) ml of 0.1 N 
Na 2 S 208 to react with the i(xline formed from the hypochlorite. 

Hence {t - U) 0.0052471 = g HOCl in V ml solution, and 

T - 2 {t-h) 0.003546 = grams Cl in F ml solution 

6. Determinatioii of Iodine in Soluble Iodides^ 

(a) By Decomposition with Ferric Salts 

If a solution of a soluble iodide is treated with an excess of ferric- 
ammonium alum and acidified with sulfuric acid, the ferric salt will 
be reduced to ferrous salt with separation of iodine : 

Fe 2 (S 04)3 d" 2 HI = H2SO4 -|- 2 FeS 04 + I2 

If the solution is heated to boiling, the iodine escapes with the steam 
and can be collected in a solution of potassium iodide and then titrated 
with sodium thiosulfate or arsenious acid. This method is suited for 
separating iodine from bromine, for bromides do not reduce ferric salts. 
The bromide will be found in the residue obtained after the distillation, 
and is best determined gravimetrically. 

(6) By Decomposition with Nitrom Acid {Fresenim) 

This excellent method, which is especially suited for determining small amounts 
of iodide in the presence of bromide and chloride in mineral waters, depends upon the 

1 HOCl = 52.47; 1 ml 0.1 A solution = 0.005247 g HOCl (against NaOH). 

2 In the case of insoluble iodides, the metal must first be removed if the iodine 
is to be determined volumetrically. This can be accomplished by the method of 
Mensel {Z. anal. Chem.t 12 , 137 ). It may be said, however, that the volumetric 
method offers no advantages over the gravimetric one. 
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easy oxidation of hydriodic acid by means of nitrous acid: 

2HI -f 2 HNO 2 = 2 H 2 O + 2NO + Ij 

Hydrochloric and hydrobromic acids are not attacked by nitrous acid. 

Procedure. To the small apparatus shown in Fig. 87 transfer the 
neutral or slightly alkaline solution of the iodide; make slightly acid 
with dilute sulfuric acid, and add a little freshly distilled, colorless car- 
bon disulfide (carbon tetrachloride or chloroform), so 
that it does not quite reach to the stopcock, near the 
bottom of the tube. Then introduce 2, or at the most 
3, drops of “ nitrose,”' stopper the tube, shake vigorously, 
and then allow the carbon disulfide to settle once more. 
The small amount which at first adheres to the glass 
sides can be made to fall to the bottom by revolving and 
inclining the tube. On the upper surface of the liquid 
there will still remain a few tiny drops of carbon disul- 
fide, To obtain these, moisten a filter with water and 
place the funnel under the glass stopcock, remove the 
stopper from the tube, and allow the aqueous solution 
to run through the filter; the carbon disulfide will remain 
behind on the paper. Shake the carbon disulfide 
remaining in the tube 3 times with successive por- 
tions of distilled water, and each time allow the water 
to nin off through the same filter. Then place the 
funnel at the top of the tube, puncture the filter with 
a pointed glass rod, and wash the carbon disulfide 
into the tube by means of about 0.5 ml of water. 
After this add 1 or 2 drops of sodium bicarbonate 
solution and thoroughly shake with the carbon disul- 
fide, then add standard sodium thiosulfate solution 
until the reddish violet carbon disulfide solution be- 
Fig. 87. comes colorless. 

The value of the sodium thiosulfate solution is not 
determined as ordinarily, but by means of a potassium iodide solu- 
tion treated as above described. 

Remark. This method is useful for determining small amounts of 
iodide in the presence of relatively large amounts of chloride and bro- 
mide, as in the analysis of mineral waters. F or the standardization of the 
sodium thiosulfate solution, as nearly as possible the same amount of 



iCf. Vol. I. 
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potassium iodide should be used as is present in the unknown solution; 
this is determined by the color of the carbon disulfide. l\ire potassium 
iodide must be used for this purpose, and its purity tested by means of a 
gravimetric determination of the iodine present in the salt after it has 
been dried at 170-180°. 

The reason the sodium thiosulfate solution must be standardized in 
this way is as follows: 

When an aqueous solution containing iodine is shaken with carbon 
disulfide, not all the iodine but the greater part of it will pass into the 
solvent. The error is compensated, however, by standardizing the 
solution in the same way. 

If the solution of a substance is shaken with another solvent in which 
the former does not mix, the original amount of the substance divides 
itself between the two solvents, and in fact the concentration of one 
solution (amount of the dissolved substance present per milliliter) 
always bears a constant relation to that of the other. 

Thus if Xq g of iodine is dissolved in V ml of water, and the solution is 
shaken with Vi ml of carbon disulfide, then X\ g of iodine will remain in 
the aqueous solution and Xo — Xig will pass into the carbon disulfide. 

The amount Xi is found by the following equation : 


( 1 ) 


V 


Xo — Xi 

Vi 


k 


and 


— and — — — are the concentrations in each of the solutions, and k is the 
V Vi 

distribution coefficient, which is Moo for iodine. ^ If the aqueous solution 
is now shaken with the same amount of fresh carbon disulfide, then 
X 2 g of iodine will remain in the water and Xi — X 2 will be extracted by 
the carbon disulfide. In this case, however. 


( 2 ) 



g iodine 


so that, after shaking n times with fresh portions of carbon disulfide, the 
amount of iodine remaining in the water would be : 


(3) 



g iodine 


» Berthelot and Jungfleisch, Compt. rend., 69, 338. 
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, Assuming that in the analysis 0.005 g of iodine was dissolved in 10 ml 
of water and that this solution was shaken once with 1 ml of carbon 
disulfide, then according to equation ( 1 ) 

— X 10 

Xi = 0.005 ^ = 0.005 • — = 0.0001 g iodine 

would remain dissolved in the water, or an amount that can be neglected. 
The distribution coefficient, as used above, holds when the same molecu- 
lar species is present in each solvent. When potassium iodide is added 
to the aqueous solution, KI 3 is formed and it is much harder to dissolve 
out the iodine. As some potassium iodide is present, the above calcula- 
tion is inexact. 

If, after shaking with carbon disulfide, the aqueous solution still 
appears yellow, it must be treated a second, and perhaps a third, time 
with fresh amounts of carbon bisulfide. 


6. Determination of Bromine in Soluble Bromides (Bunsen) 

If chlorine water is added to a colorless bromide solution in a por- 
celain dish, the solution becomes yellow : 

2 KBr -f CI 2 = 2KC1 + Brz 

If it is heated to boiling, the bromine is expelled and the solution 
becomes colorless again. The addition of the chlorine water is con- 
tinued until finally no yellow coloration is produced. 

Preparation and Standardization of the Chlorine Water 

Dilute 100 ml of a saturated chlorine water to 500 ml and titrate 
against a weighed amount of pure potassium bromide which has been 
dried at 170°, taking about the same amount of bromide for the stand- 
ardization as is supposed to be present in the solution to be analyzed. 
During the titration, wrap the buret containing the chlorine water in 
black paper to protect its contents from the light, and hold the tip of 
the buret just above the surface of the hot bromide solution, so that as 
little chlorine as possible is lost by evaporation. 



IODINE AND BROMINE IN MINERAL WATERS 


597 


7. Determination of Iodine and Bromine in Mineral Waters 

According to the amount of halogen present, take 5-60 1 of water for the analysis. 

The amount of bromide and iodide present is usually small compared with the 
chloride, so that the residue obtained by the evaporation of a large amount of water 
cannot be used directly for the analysis, but by partial crystallization a mother 
liquor rich in bromide and iodide must first be obtained. 

Procedure. Pour the water into a large evaporating dish, a liter 
at a time, and if not already alkaline,* add enough pure sodium car- 
bonate solution to make it distinctly so, and evaporate to about one- 
fourth of its original volume. This causes the separation of some cal- 
cium and magnesium carbonates, as well as hydroxides of iron and 
manganese, but all the halides remain in solution. Filter off the 
residue and thoroughly wash with water. Concentrate the filtrate 
further until salts begin to crystallize out, and pour the hot solution 
into 3 times its volume of absolute alcohol ; this causes the greater part 
of the sodium chloride and other undesired salts to precipitate. After 
standing 12 hours, filter the alcoholic liquid and wash the residue 5 
or 6 times with 95 per cent alcohol. 

To the alcoholic solution, which contains all the iodide and bromide 
with considerable chloride in the form of the alkali salts, add 5 drops 
of concentrated potassium hydroxide solution and distil off most of the 
alcohol, while passing a current of air through the solution by means of 
a capillary tube reaching to the bottom of the liquid in the distilling 
flask. 

Evaporate the residue from the distillation until salts again begin 
to crystallize out and repeat the precipitation with alcohol. Again 
distil off the alcohol, but this time with the addition of only 1 or 2 drops 
of potassium hydroxide solution. According to the amount of salts 
present in solution repeat this operation 3 to 6 times. Place the final 
filtrate, after the alcohol has been distilled off, in a platinum dish, 
evaporate to dryness, cover the dish with a watch glass, and gently 
ignite the residue to destroy organic matter. Dissolve the residue 
from the ignition in a little water, filter off the carbonaceous material,** 
make the solution slightly acid with dilute sulfuric acid, titrate the 
iodine liberated by the addition of 1 or 2 drops of “nitrose,” and with 
sodium thiosulfate, after shaking with chloroform, as described on p. 
594.® Determine bromide in the aqueous solution obtained after the 
extraction of the iodine with chloroform. Make the acid solution 

1 The solution is alkaline if after the addition of phenolphthalein the solution 
turns red on boiling. 

* If the filtrate is not completely colorless, evaporate and again ignite. 

* Lecco determines the iodine colorimetrically (Z. anal, Chetn., 36 , 318). 
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alkaline by the addition of sodium carbonate solution, add 2 drops of 
a saturated sugar solution, and evaporate the solution to dryness in a 
platinum dish. With a watch glass upon the dish, gently ignite the 
residue to destroy the sugar and the excess of nitrite.^ After this has 
been accomplished dissolve the residue in water, filter, make slightly 
acid with sulfuric acid, and titrate the bromine with chlorine water as 
described on p. 596. 


Remark. If sufficient mineral water is available it is better to divide the mother 
liquor containing the bromide and iodide into two portions; in one portion deter- 
mine the iodine as above, and in the other detennine bromine and iodine by titration 
with chlorine water.* 



8. Analysis of Peroxides (Bunsen) 

All peroxides of the heavy metals which evolve chlorine on treatment with hydro- 
chloric acid can be determined with great accuracy by conducting the chlorine 
into potassium iodide solution and titrating the liberated iodine with sodium thio- 
sulfate or arsenious acid solution. It is only necessary to make sure that the chlorine 
is allowed to act upon the potassium iodide without loss. For all such determina- 
tions, Bunsen employed the apparatus shown in Fig. 88. The small decomposition 
flask of about 40-ml capacity has ground-glass connection with the delivery tube* 
and is held firmly in place by means of rubber rings, as at a. The lower end of the 
bent delivery tube is drawn out into a not-too-small capillary. 

Procedure. Place the finely powdered substance in the small glass- 
stoppered weighing tube (Fig. 88), which has a small piece of glass 
fused on the end, and weigh. Take hold of the tube by the glass at the 


' The addition of the sugar causes the nitrite to be destroyed at a lower tem- 
perature than would otherwise be the case, and the danger of losing bromine by 
volatilization is avoided. 

* As the chlorine water was standardized against bromide, an amount of the 
bromine equivalent to the iodine present should be deducted from the amount repre- 
sented by the chlorine water used; the difference shows the bromine present. 

* Instead of the ground-glass connection, Bunsen used a tube of the same size as 
the neck of the flask and connected them with rubber tubing, the two glass tubes 
being against each other. 
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bottom,^ introduce it into the neck of an absolutely dry decomposition 
flask, and allow the required amount of the substance to fall into it b}' 
carefully revolving the weighing tube. Again weigh the tube, to de- 
termine the amount of substance taken. Add hydrochloric acid (its 
concentration depends upon the nature of the substance), at once 
connect the delivery tubing with the flask, and introduce it into the 
retort containing potassium iodide solution. By means of a tiny flame, 
heat the contents of the flask to boiling and distil half to two-thirds of 
the liquid over into the retort. To prevent the iodide solution from 
sucking back into the flask, take out the delivery tube from the retort 
before removing the flame, and wash the contents of the tube into the 
retort: 

Pour the potassium iodide solution into a large beaker, rinse out the 
retort several times with a little water, and then with potassium iodide 
solution to remove any iodine which may remain adhering to the glass. 
Titrate with 0.1 A sodium thiosulfate solution in the presence of starch 
as indicator. In this way pyrolusite, chromates, lead peroxide, minium, 
ceric oxide, selenic, telluric, and molybdic acids may be analyzed. 

(a) Determination of Manganese Dioxide in Pyrolusite 

1000 ml of 0.1 A Na2S208 solution = = 4.347 g Mn02 

Weigh out about 0.2 g of the substance which has been dried at 120®. 
To this add 25 ml of 4 A hydrochloric acid and carry out the analysis 
as described above with 30 ml of 2 per cent potassium iodide solution in 
the retort: 

MnOa + 4HC1 = 2 H 2 O + MnCb + CU 
CI 2 -h 2KI = 2KC1 + I 2 

If t ml of 0.1 A Na 2 S 203 were used in titrating a g of Mn02, then 
0-4347 ^ 

= per cent MnC )2 

a 

The determination of chromates, lead peroxide, and selenic acid is 
carried out in the same way, except that 12 A hydrochloric acid is 
used for the decomposition. 

Instead of the apparatus shown on p. 598, Rupp* uses a 50-ml distilling flask 
for the decomposition and 750-ml bottle as receiver; the bottle contains 250 ml 

* By holding the tube in this way, deviations of weight, due to unequal warming, 
are avoided. 

» Chem.-Ztg., 52 , 429 (1928). 
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of 1 per cent potassium iodide solution. The arm of the distilling flask is fused to 
18-20 cm of tubing with about 3-mm inside diameter, and this long arm is bent 
downward so that the interior angle is about 135® and the tube will easily reach the 
bottom of the receiving bottle. The long arm is inserted in one hole of a twice-bored 
rubber stopper that fits the receiver. The other hole of the stopper is fitted with 
a tube containing glass beads and some glass wool. The top of the distilling flask 
carries a stopper enclosing a tube which reaches to the bottom of the flask with a 
1-mm opening at the bottom. The top of this tube is closed with a pinchcock on 
rubber tubing, 0.2 g of the pyrolusite is introduced into the distilling flask, care being 
taken not to get any powder on the sides. Twenty-five milliliters of concentrated hy- 
drochloric acid is introduced and the stopper inserted quickly. The acid is heated 
with a small flame, protected from drafts, until the volume is reduced one-half. 
Then the pinchcock is opened to prevent the liquid sucking back, the flame is re- 
moved, and the contents of the receiver are titrated with thiosulfate. It is well to 
put a few crystals of potassium iodide on top of the glass wool in the drying tube. 
Then, if this is moistened, it will show if any iodine is lost by volatilization. 


(b) Determination of Telluric Acid 

If the telluric acid is present as the hydrous acid (H 2 Te 04 + 2 H 2 O) 
or as tellurate, the analysis is performed in the same way as with selenic 
and chromic acids. If, however, the tellurium is present as the an- 
hydrous acid or as the anhydride, the method must be modified, for 
these substances are scarcely attacked by concentrated hydrochloric 
acid. They are placed in the decomposition flask and dissolved in a 
little concentrated potassium hydroxide to the tellurate solution thus 
obtained the concentrated hydrochloric acid is added, and the reduction 
then is accomplished without difficulty : 

K2Te04 + 4HC1 = 2KC1 + HsTeOg + H 2 O + CI 2 

According to this equation, 1 1 of 0. 1 iV Na2S208 = 6.376 g Te = 
7.976 g Te02. 


(c) Determination of Ceric Oxide 

1000 ml of 0.1 iV iodine solution = = 17.225 g CeOt 

Ceric oxide when mixed with considerable lanthanum and didymium 
oxides is reduced by distillation with concentrated hydrochloric acid: 
2Ce02 + 8HC1 = 4 H 2 O + 2CeCl3 + CI 2 . 

If, however, the mixture contains but little of the two last substances, 
or if it is pure ceric oxide, the heating with concentrated hydrochloric 
acid is of no avail; the ceric oxide will not dissolve. 


> The solution could not be effected by using sodium hydroxide. 
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In the presence of hydriodic acid, however, the reduction takes 
place readily, so that it is only necessary to add 2 g of potassium iodide 
to a weighed amount of the substance (0.67-0.68 g) in the decomposition 
flask, and then, after the addition of hydrochloric acid, violet vapors 
of iodine can be distilled from the solution: 

2Ce02 + 2KI + 8HC1 = 2KC1 + 2CeCl3 -f- 4 H 2 O + I 2 

Often so much iodine will be given off that the solid is likely to stop 
up the tube and the flask may explode. To prevent this, do not draw 
out the end of the delivery tube into a capillary, but at the bottom 
leave an opening about 4 mm in diameter. During the operation, the 
flame must be protected from air currents, for otherwise there is danger 
of liquid sucking back from the retort. 

9. Analysis of Chlorates 
1 1 of 0.1 N NaaSjO, = = 2.043 g KCIO, 

This is carried out the same way as the analysis of pyrolusite (cf. 
p. 599): KCIO 3 + 6HC1 == KCl + SHaO + SCb. 

Many oxidizing agents can be determined iodimetrically without 
previous distillation with hydrochloric acid. 

For other methods of analyzing chlorates iodimetrically, consult 
H. Dietz, Chem.-Ztg., 1901, 727, and Luther and Rutter, Z. anal, Chem., 
46, 521 (1907). 


10. Determination of Hypochlorous Acid 

This determination is used in the analysis of chloride of lime. 

Procedure. Into a tared weighing tube introduce about 5 g of 
‘‘ chloride of lime,” and weigh the stoppered tube. Wash into a por- 
celain dish, rub to a paste with a pestle, and transfer withoiit loss to a 
500-ml measuring flask. Dilute to the mark with water, and mix well. 
Of this turbid solution, pipet off 50 ml of the suspension into a 250-ml 
Erlenmeyer flask. Add 2 g of potassium iodide and 15 ml of 4 W 
sulfuric acid and titrate the liberated iodine with O.l N Na 2 S 203 . Ex- 
press the result in percentage of available chlorine which is the equivalent 
of the iodine titrated. 

Remark. Moist samples of bleaching powder decompose into chlorite and 
chlorate with loss of chlorine gas. According to the above directions, the chlorite 
will liberate iodine from the iodide but the chlorate will not. 
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11. The Analysis of lodates 
1 1 of 0.1 N NasSiO. = = 2.932 g HIO, 

Allow the solution of the iodate to run into an acid solution containing 
an excess of potassium iodide. Iodine is set free according to the 
equation: KIO3 -}- 5KI -f- 6HC1 = 6KC1 -f- 3H2O + 3I2. Titrate the 
iodine with thiosulfate solution as described on p. 589. 

12. The Analysis of Periodates 
1 1 of 0.1 NaiSjO, = = 2.399 g HIO, 

oU 

The analysis of periodates is carried out exactly as with iodates; 
the reaction that takes place is 

KIO4 + 7KI + 8HC1 = 8KC1 + 4H2O + 412 

13. Analysis of a Mixture of Iodate and Periodate^ 

If a neutral or slightly alkaline solution of an alkali periodate is 
treated with a solution of potassium iodide, the following reaction takes 
place: 

KIO4 + 2 KI + H2O = 2 KOII + KIO3 + I2 

The liberated iodine is titrated with tenth-normal arsenious acid 
(not with sodium thiosulfate); in a neutral solution the iodate does 
not react with potassium iodide. For the analysis of a mixture of 
iodate and periodate, the following procedure is used: 

In one sample determine the iodate -f periodate by adding the 
solution of the substance to an acid solution containing an excess of 
potassium iodide and titrate the liberated iodine with sodium thiosul- 
fate solution. 

Dissolve a second sample in water, add a drop of phenolphthalein 
indicator, and make the solution alkaline enough to give the pink color 
with phenolphthalein, adding alkali if the solution is acid and hydro- 
chloric acid if the solution is strongly alkaline. To the barely alkaline 
solution, add 10 ml of a cold, saturated solution of sodium bicarbonate 
and then an excess of potassium iodide; titrate the liberated iodine 
at once with 0,1 AT arsenious acid.^ 

1 E. Midler and O. Friedberger, Ber., 1902, 2655. 

* The iodine cannot be titrated in the alkaline solution with sodium thiosulfate, 
and the iodine in the acid solution cannot be titrated with the arsenious acid. 
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Example. In a mixture x)f KIOs and KIO4 weighing a g, the iodine liberated on 
treatment with an acid solution of KI reacts with T ml of 0.1 iV NaaSjO, and the 
same weight of sample liberates in alkaline solution only enough iodine to react with 
t ml of 0.1 A" A82O3 solution. By comparing the equations given under 12 and 13, 
it 18 evident that the periodate alone would react with 4 < ml of 0.1 A NajSjO, in acid 
solution. The amount of KIO4 and KIOs present will be 

t X 0.01150 g or per cent KIO4 

a 

(rp __ n nn<icA'7 — 4<) X 0.3567 

41; X 0.003567 g or per cent ICIOi 


14. Analysis of Iodides 

(a) Method of H. Dietz and B. M, Margosches^ 

1 1 of 0.1 A KIO3 = — = 10.58 g iodine 

Treat the solution of the iodide with an excess of 0.1 AT potassium 
iodate solution, make acid with sulfuric acid, add a piece of ealcite 
as suggested by Prince,^ and boil until all the iodine is expelled. Allow 
the solution to cool, then add an excess of potassium iodide, and titrate 
the iodine now liberated, which corresponds to the excess of potassium 
iodate used, with 0,1 iV Na 2 S 203 solution. 

From the equation 

KIO 3 + SKI + 6HC1 = 6KCI -f 3 H 2 O -f 3 I 2 

it is evident that five-sixths of the iodine liberated comes from the iodide. 
If, therefore, T ml of 0.1 iV KIO 3 solution was added and < ml of 0.1 N 
Na 2 S 203 was used for titrating the excess of KIO 3 , then there is present 

(T — /) X 0.01058 g iodine as iodide 

(b) Oxidation of Iodide to Iodate and lodimetric Titration 

In neutral or slightly acidic solutions?, iodide can be oxidized completely to iodate 
by chlorine or bromine. The iodate ion formed can then be made to react with 
added iodide, and six atoms of iodine will be liberated for each molecule of alkali iodide 
originally present. The equivalent weight of I", in this particular case, is only one- 
sixth of the atomic weight. Small quantities of iodide, therefore, can be determined 
very satisfactorily. The excess bromine or chlorine can be removed by boiling, or 
as is often more advantageous, by adding phenol or aniline. Phenol solution is often 
used and reacts to form mono-, di-, or tri-substitution products. The following pro- 
cedure has been recommended for determining the iodide content of table salt. The 
so-called iodized salt is likely to contain about 0.02 per cent potassium iodide. 


» Ckem.-Ztg., 1904, II, 1191. 

* Inaug. Dissert., Zurich, 1910. 
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Procedure. Weigh out 5 g of the salt to the nearest centigram into 
a 250-ml Erlenmeyer flask. Add methyl orange indicator, and then 
carefully add 2 N H2SO4 till the solution is acid to the indicator and 
contains 2.0 ml in excess. Add small portions of freshly prepared 
bromine water, with gentle swirling, until the solution shows that an 
excess of bromine is present by assuming a permanent yellow tint. 
Add a few glass beads to prevent bumping, boil gently until the yellow 
color of the solution disappears, and continue boiling for 2 minutes more. 
Cool to at least room temperature, add 0.2 g KI and 2-3 ml of starch 
solution, mix, and titrate the liberated iodine with 0.01 N Na2S203 
solution. Report as potassium iodide. 

Notes. Instead of adding bromine water, vapors of Brj can be introduced into the 
flask by drawing air through a little liquid bromine contained in a gas-washing bottle. 
Carry the vapors through glass tubing which ends in a small orifice just above the 
liquid in the flask. 

Small quantities of bromide do not interfere, but if more than 20 times as much 
bromide as iodide is present, the results will be low. Ferric ions interfere by react- 
ing with iodide, but the interference can be prevented by adding phosphoric acid. 

As little as 1 mg of nitrite interferes, but interference can be prevented by the 
azide method of Reith.^ 


(c) Sodium Nitrite Method 

In the presence of acid, the following reaction takes place completely: 

2 NO 2 " -f- 21' = 2NO + I 2 + 2 H 20 

The excess nitrite and the nitric oxide must be removed before attempting to titrate 
the liberated iodine. This can be accomplished conveniently by means of urea: 

2N03“ + COCNHj)* + 2H+ = 2 N 2 4- CO 2 + 2 H 2 O 
6NO + 2C0(NH2)2 = 5 N 2 + 2 CO 2 + 2 H 2 O 

Since the reaction between nitrite and iodide takes place more rapidly than the reac- 
tion between nitrous acid and urea, it is possible to add the urea at the start. Chloride 
does not interfere, but if more bromide than is equivalent to the weight of iodide is 
present, the results will be high. 

Procedure. Weigh out to the nearest tenth of a milligram about 
0.4 g of sample into a 250-ml glass-stoppered bottle. Add about 1 g of 
urea, 8 ml of approximately 0.5 M sodium nitrite solution, and 5 ml of 
4 N sulfuric acid. Stopper the bottle and allow it to stand with fre- 
quent shaking for about 10 minutes. Add 2 g of potassium iodide to 
dissolve the iodine as Kla and titrate with 0.1 iV Na2S203. Stopper 
the bottle frequently and shake to dissolve any iodine vapor. Starch 
indicator solution can be added toward the lavSt, but this is unnecessary 

^ J. F. Reith, Rec. trav. chim.j 48 , 386 (1929). 
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if about 10 ml of CCI4 is added at the start. The shaking then helps 
to remove the iodine from the organic solvent. 


16. lodimetric Analysis of Chromite 


Principle. The chromium of chromite, FeCr204, is oxidized to NajCrO^ by fusion 
with sodium peroxide; The melt is leached with water, and the insoluble residue is 
dissolved in hydrochloric acid, added in slight excess. Ammonium fluoride is then 
added to convert into FeFe" the former ions are reduced by hydriodic acid 

but the latter are unaffected. Then to the acid solution an excess of potassium iodide 
is added and the liberated iodine is titrated with sodium thiosulfate solution in the 
presence of starch as indicator. 


2FeCr204 + 7Na20j 2NaFe02 -|- 4Na2Cr04 -f- 2Na20 (fusion) 
NaFeOj + 2H2O Na+ + Fe(OH)3 + OH~ ' 

2Na202 + 2H2O -V 4Na+ + 40H~ + O2 
2Cr04’" + 2H+ -> Cr207" + H2O 


(water added) 
(acid added) 


Fe(OH)s 4- 3H+ Fe+++ 4- SILO 

Fe+++ 6F~ — ♦ FeFa (fluoride added) 

CraO;"" 4- er 4* 14H+ -►2Cr+++ 4 3I2 + THjO (iodide added) 

la 4* 2Sa03"“ 21“ + 8404“" (titration) 


From these equations, it is evident that the milliequivalent weight of chromium 
is the atomic weight divided by 3000 as in the analysis with potassium dichromate 
(p. 582). 

For the fusion, an iron crucible of about 25-inl capacity is commonly used; A 
nickel crucible is attacked less by the peroxide fusion, and the presence of nickel has 
been found advantageous for the decomposition of the excess peroxide, but it is usually 
necessary to filter the solution after making it acid when a nickel crucible is used, 
and the nickel crucible costs considerably more. A porcelain crucible has also been 
recommended, but this again is more expensive than the iron. The fusion can also 
be carried out in a test tube. 


Procedure. Weigh out 0.3-0.4 g of chromite and fuse with sodium 
peroxide exactly as described on p. 582. Continue as directed there 
down to the point where the solution is made acid, d hen, instead of 
sulfuric acid, add hydrochloric acid until all the hydrated ferric oxide 
has dissolved. Use 1 ml of concentrated hydrochloric acid in excess 
for each 100 ml of solution. Add 2 g of ammonium fluoride, more if 
necessary, until a small drop of the solution will give no test for 
with potassium ferrocyanide solution on the spot plate. Add 3 g of 
potassium iodide, wait 3 minutes, and then titrate with sodium thiosul- 
fate solution. Add starch solution toward the last. 


16. Analysis of Soluble Chromates 

A concentrated, acid solution of potassium iodide is treated with a 
weighed amount of the chromate, diluted with water, and the liberated 
iodine titrated. (Cf. standardization of sodium thiosulfate against 
potassium dichromate, p. 588.) 
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17. Determination of Lead Peroxide 

1 1 of 0.1 N NaaSaO, = 11.96 g PbO, 

Method of Diehls modified by Topf 

The analysis depends upon the fact that lead p>eroxide is reduced by means of 
potassium iodide in acetic acid solution when considerable alkali acetate is present: 

PbOi + 4HI = Pbl2 + 2 H 2 O + I 2 

After diluting with water the iodine is titrated with 0.1 Na2S20# solution. 

Procedure. Dissolve about 0.5 g of the substance with 1.2 g of 
potassium iodide and 10 g of sodium acetate in 5 ml of 5 per cent acetic 
acid. Dilute the solution with water to a volume of 25 ml and titrate 
with sodium thiosulfate. 

Remark. Moist lead peroxide reacts almost instantly on undergoing the above 
treatment; thoroughly dried material, on the other hand, dissolves after a few min- 
utes provided that it is finely ground. If the dry peroxide is in the form of coarse 
grains, however, it may be several hours before the reaction is finished, or the decom- 
position may be incomplete. 

Furthermore, too much potassium iodide should not be used, as otherwise lead 
iodide will separate out. In that event add 3-6 g more of sodium acetate and a 
few milliliters of water. Shake until the lead iodide has dissolved completely, 
and then dilute to a volume of 25 ml. The solution must remain perfectly clear 
and there should not be a trace of lead iodide precipitate. 

This excellent method may also be used for the analysis of minium (red lead) or 
pyrolusite. 


18. Determination of Ozone in Ozonized Oxygen 
1 1 of 0.1 N N&SJO, = ^ = 2.4 g O, 

(a) Schonhein^s Method 

The most accurate method for estimating ozone consists in allowing the ozonized 
oxygen to act upon potassium iodide solution whereby free iodine is formed: 

2KI -h O, + H 2 O = 2KOH + 12 + 02 

and the iodine may be titrated, after acidifying the solution with dilute sulfuric 
acid, by means of 0. 1 iV sodium thiosulfate. 

It makes a difference, however, whether the ozone reacts with a neutral or with an 
acid solution of potassium iodide. In the latter case far too much iodine is liber- 
ated, although in the former case exactly the right amount is set free. Sir B. C. 
Brodie* called attention to this fact in his classic researches on ozone. Brodie 


1 Diehl, Dinglers Polytech. J.y 246 , 196, and Topf, Z. anal. Chem.y 26 , 296 (1887). 
* PhU. Trana.y 162 , 435-184 (1872). 
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confirmed the results obtained in his titrations by weighing the amount of ozone 
used in the experiments. This work of Brodie's appears to have been forgotten,* 
for many other chemists have since that time attempted to work out an iodimetric 
method for estimating ozone, some using acid and some neutral solutions to ab- 
sorb the gas, although for a long time it occurred to no one else that the results 
could be checked by weighing out a definite amount of ozone for test experiments. 
In 1901, however, this was done in a very simple way by R. Ladenburg and R. 
Quasig,* who were without knowledge of Brodie’s work. Their method consisted in 
weighing a glass bulb of known capacity which was provided with glass stopcocks, 
filling it with oxygen, and then weighing. I’he oxygen was then replaced by ozone, 
so that the gain in iveight midtiplied by H represented the arnnunt of ozone present. 

In order, now, to titrate the ozone, Ladenburg and Quasig expelled the gas from 
the bulb by distilled water, and conducted it slowly through a nevtral solution of 
potassium iodide which was subsequently treated with an equivalent amount of 
sulfuric acid and the liberated iodine titrated with N sodium thiosulfate. 

The results of Ladenburg and Quasig have been carefully tested in the author's 
laboratory* and the method improved somewhat by absorbing the ozonized oxygen 
in the glass bulb itself rather than expelling the gas from the bulb and passing it 
into an iodide solution. 

The estimation of ozone by weighing is a much too roundabout process to permit 
a practical application, particularly on account of the fact that the measurement 
and weighing of the gas must take place in a room at constant temperature, a con- 
dition which often cannot be readily fulfilled. Consequently the volumetric titration 
of the gas is far more practical. 

Procedure. Procure a glass bulb of about 390-400 ml capacity, of 
the form shown in Fig. 89, and determine its volume accurately by 
weighing it empty and then fill with water, applying the correction for 
temperature as described on pp. 435 et seq. Connect the bulb with a 
gas delivery tube, making use of Babo flanged joints (Fig. 89, c and d) 
pressing them together by means of a steel clamp, lined with cork (Fig. 
90). Connect the delivery tube with the supply of ozone and oxygen, 
and replace the water in the bulb with the gas. During the filling of the 
bulb, but little of the ozone is absorbed by the water. When the tube 
is filled, close the lower stopcock first and the upper one a few seconds 
later. Then disconnect the bulb with the gas delivery tube, invert, 
open the upper stopcock quickly for an instant to establish atmospheric 
pressure in the bulb, and connect by means of rubber tubing with 
the gas reservoir N which is filled with 2 N potassium iodide solution 
(Fig. 91). Allow the air imprisoned in the rubber tubing to escape 
through the three-way stopcock 6, and after properly setting the cock, 
introduce 20-30 ml of the iodide solution into the bulb. Finally 
close the stopcock h and disconnect the rubber tubing. Shake the 


* Luther and Inglis, Z. physik. Chem.f 48 , 208 (1903). 
*5cr., 34 , 1184 (1901). 

* Treadwell and Anneler, Z. anorg. Chem.f 48 , 86 (1905). 



608 


OXIDATION METHODS 


contents of the bulb vigorously and allow to stand for half an hour; 
at the end of this time the absorption of the ozone will be complete. 

Place an Erlenmeyer flask under the stopcock 6'; open this and 
immediately afterwards the upper stopcock also. Wash out the bulb 
first by introducing some potassium iodide solution through a and finally 



with pure water. Make the contents of the flask acid with dilute sulfuric 
acid and titrate the liberated iodine with 0.1 N sodium thiosulfate. 

The computation is as follows: Assume the bulb to hold V ml; the 
weight of ozone found by titration = p g; the temperature = the 
barometer reading = B ml, and the tension of water vapor = w. 

The volume of the bulb at 0® and 760 mm pressure is 


Vo = 


V(B--w) 273 
760 (273 + t) 


When filled with oxygen this would weigh : 

0.03270 

g 


22.41 
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Therefore the weight of oxygen and ozone in the bulb is 

0.032Fo p ^ 

22.41 3 

and the percentage of ozone in the mixture is 
lOOp 6723p 

0.032Fo 2~ 0.0%Fo + 22.41p " 

22.41 3 

^ (h) Method of Soret-Thenard} 

Ozone is absorbed quantitatively by means of sodium arsenite solu- 
tion in accordance with the following equation: 

Na2HAs03 + 03 = Na2HAs04 + O 2 

although A.’ Ladenburg^ finds that the absorption takes place much 
more slowly than by means of potassium iodide. When, therefore, the 
ozone is passed through the arsenite solution, there is danger of getting 
too low results. If the absorption takes place in a glass bulb, however, 
the results are good. 

Ozone is also absorbed by alkali bisulfite* solutions and may be 
estimated in this way, by titrating the excess of bilsufite with iodine. 
Ladenburg,^ however, has shown that the method is not so accurate 
as the potassium iodide one, so that it will not be considered further here. 

19. Determination of Hydrogen Peroxide. KingzetPs Method® 

H‘ O 

1 1 of 0.1 N NaaSsO, solution = = 1.7008 g H 2 O 2 

The hydrogen peroxide solution is diluted until its H 2 O 2 content corresponds to 
about 0.6 per cent by weight, and of this solution 10 ml is used in the analysis. 

Procedure. Place about 2 g of potassium iodide in an Erlenmeyer 
flask and dissolve in 200 ml of water. Add 30 ml of 18 W sulfuric 
acid, and then, with constant stirring, introduce 10 ml of the hydrogen 
peroxide solution from a pipet. After allowing to stand for 5 minutes, 
titrate the iodine liberated with 0.1 N thiosulfate solution. 

H2O2 + 2KI + H2SO4 = K2SO4 + 2H2O + I2 

^Compt. rend., 38, 445 (1854); 76, 174 (1872). 

2 Her., 36, 115 (1903). 

» Neutral alkali sulfite is not suitable here, because it is not oxidized quickly by 
pure oxygen alone. 

* Loc. cit. 

^Jx Chem. Soc., 1880, 792. 
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Remark. This method is rather better than that described on p. 561 because' 
the titration can take place in the presence of glycerol, salicylic acid, etc., which are 
sometimes used as preservatives in commercial hydrogen peroxide preparations. 
These substances will render the results obtained by the permanganate titration 
less accurate. 


20. Determination of Iron 

Fe 

1 1 of 0.1 A NaaSaOa solution = ^ = 5-584 g Fe 

This method, first proposed by Carl Mohr,i is based upon the following reaction : 

2FeCl, + 2HI 2HC1 + 2FeCl2 + la 

As the reaction is reversible, it is necessary to have an excess of hydriodic acid 
present in order that it may take place quantitatively in the direction from left to 
right. 

When carried out in the presence of air, a very little of the hydriodia acid is prob- 
ably oxidized by the air, but in the following procedure this error is counterbalanced 
almost exactly by the fact that the reduction of the iron is not quite complete. If 
sulfuric acid is present, higher concentrations of both acid and iodide are required 
and the end point is less stable. 

Procedure. To about 30 ml of ferric chloride solution in a 200-ml 
Erlenmeyer flask containing 0.1-0.15 g of iron and 0.25-25 milliequiv- 
alents of hydrochloric acid, add 3 g of solid potassium iodide, stopper 
the flask, and allow to stand for 5 minutes. Dilute to about 100 ml and 
titrate with 0.1 iV thiosulfate solution, adding starch solution toward the 
last. 


21. Determination of Copper 

1 1 of 0.1 iNT NaaSaO, solution = ^ = 6.357 g Cu 

Principle. If a solution of a cupric salt at a suitable concentration is treated with 
an excess of potassium iodide, all the copper is precipitated as cuprous iodide, and 
there is liberated one atom of iodine for each atom of copper present, 2Cu‘'"‘’ + 
41“ — ► Cuala + I 2 . The iodine is titrated with sodium thiosulfate solution. The 
method was studied by Gooch and Heath,* who found that the quantity of potassium 
iodide used, the concentration of the solution, and the quantity of acid present 
are three factors which must be taken into consideration. In a volume of 50 ml 
an excess of 0.6-1 .0 g of potassium iodide is sufficient to cause the complete precipi- 
tation of 0.0020 g of copper, but in a volume of 100 ml an excess of 3-5 g is desirable. 


^ Ann. Chem. Pharm., 106 , 53. Cf. Kolthoff, Pharm. Weekblad, 58, 1510 (1921); 
BOttger and Bdttger, Z. anal. Chem.y 70 , 214; Grey, J. Chem. Soc., 1929 , 35; Swift, 
J. Am. Chem. Soc., 61 , 2682 (1929). 

* F. A. Gooch and F. H. Heath, Am. J. Sci., [4], 24 , 68 (1907); F. H. Heath, ibid., 
[4], 26 , 513 (1908). 
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In general, the more dilute the solution, the greater the quantity of potassium iodide 
required. A larger excess of potassium iodide does no harm. 

A little free acid does no harm, but not more than 2 ml of concentrated mineral 
acid may be present in 50 ml of solution. 

If an appreciable amount of arsenic is present, mineral acids must not be present 
on account of their tendency to bring about the reduction of the higher salts of arsenic 
and antimony when an excess of potassium iodide is used. Obviously the solution 
must not contain any other oxidizing agent. 

Two procedures will be given for the determination of copper in an ore. In the 
first method, the sample is dissolved in nitric acid, or aqua regia, and the solution is 
evaporated with sulfuric acid to form insoluble lead sulfate if lead is present 
The insoluble residue together with lead sulfate is filtered oil and the solution boiled 
with aluminum which precipitates copper and reduces ferric iron. The copper is 
filtered off and dissolved in nitric acid; after this the procedure is practically the 
same as in the standardization agaiicst copper wire. The purpose of precipitating 
«ie copper with aluminum is to separate it from iron which, in the ferric condition, 
is reduced by potassium iodide. 

This method is accurate but long. Low himself recommended a shorter procedure 
for ordinary work. In the short method recommended by liim, the solution was 
evaporated to dryness and the dry residue was leached with strong ammonia solu- 
tion which dissolved out the cupric .salt as blue cupric ammonia complex and left the 
iron behind. After the solution was made acid with acetic acid, it was treated with 
potassium iodide and the liberated iodine titrated with thiosulfate. After some 
practice with this short method good results can be obtained, but if the residue has 
become baked, often some of the copper does not dissolve, whereas if the evapora- 
tion has taken place during constant rotation of the fla.sk wliilc being heated over a 
free flame and the heating is stopped as .soon as the residue is dry, the extraction of 
all the copper is possible if sufficient salt, such as potassium chloride, is present. 

It has been found, however, that it is po.ssible to avoid the .separation of the copper 
from the iron if some substance, such as fluoride, is added to convert the ferric cations 
into a slightly ionized complex. Then, if the solution is bulTered to give the proper 
hydrogen-ion concentration, the solution can be titrated just as if no iron were 
present. The method of Bartholow Park,i which will be described after that of 
de Haen-Low, is based upon this principle. 


(a) Method of de Ham^-Low^ 

Procedure. To 0.25-0.50 g of fine ore weighed into a 250-ml Erlen- 
meyer flask, add 6 ml of 16 N HNO3, and boil gently until nearly dry. 
Add 5 ml of 12 N HCl and heat again. As soon as the incrusted matter 
has dissolved add 12 ml of 18 N H2SO4 and heat until the acid fumes 
freely. Cool and add 25 ml of water. Then heat until any anhydrous 
ferric sulfate is dissolved, and filter to remove insoluble sulfates and 
silica. Wash the flask and filter paper with hot water until the volume 


1 Ind. Eng, Ckem.y Anal. Ed., 3 , 77 (1931). 

2 Ann. Chem. Pharm., 91 , 237 (1854). 

• Technical Methods of Ore Analysis. 
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of the filtrate amounts to about 75 ml, receiving it in a 150-ml beaker. 
Take a strip of aluminum about 2.5 cm wide and 14 cm long, bend it 
into a triangle, and place it in the beaker resting on its edge. Cover the 
beaker and boil gently for 7-10 minutes, which will be sufficient to precip- 
itate all the copper, provided that the solution does not much exceed 
75 ml. Avoid boiling to a very small volume. The aluminum should 
now appear clean, the copper being detached or loosely adhering. 
Remove from the heat, and wash down the cover and sides of the beaker 
with hydrogen sulfide water. This will prevent oxidation and will also 
serve to precipitate the last traces of copper. If the hydrogen sulfide 
shows that more than a very little copper remained in solution, it is 
best to dilute the solution to 75 ml again and to boil a little longer. This 
will coagulate the sulfide. Finally, decant through a filter and then, 
without delay, transfer the precipitate to the filter with the aid of a 
stream of hydrogen sulfide water from a wash bottle. Let the strip of 
aluminum remain in the beaker, but wash it as clean as possible with 
the hydrogen sulfide water. Wash the filter and precipitate at least 6 
times with this hydrogen sulfide water, but take care not to let the filter 
remain empty for any length of time. Moist copper sulfide oxidizes 
very rapidly when in contact with the air with the formation of a little 
copper sulfate, which will dissolve and pass through the filter only to 
precipitate again when it comes in contact with the filtrate containing 
hydrogen sulfide. 

Now place the original clean flask under the funnel, perforate the 
filter, and rinse the precipitate into the flask with hot water, using as 
little as possible. Lift the fold of the filter and rinse down any pre- 
cipitate found beneath the fold. Using a small pipet, allow 5 ml of 
strong nitric acid to run over the aluminum in the beaker and pour it 
from the beaker through the filter into the flask, but do not wash the 
beaker or filter at this stage. Remove the flask and replace it with the 
beaker. Heat the contents of the flask to dissolve the copper and expel 
the red fumes, then again place the flask under the funnel. Now pour 
over the filter 5 ml or more of bromine water, using enough to impart 
a strong color to the solution in the flask. Next wash the beaker and 
aluminum, pouring the washings through the filter. Finally wash the 
filter 6 times with hot water. Boil till the solution is reduced to about 
25 ml, cool somewhat, and add a slight excess of strong ammonia (about 
7 ml). Boil off the excess of ammonia, add an excess of acetic acid, 
and boil a minute longer. Cool to room temperature, add 3 g of potas- 
sium iodide, and titrate with sodium thiosulfate solution, adding starch 
toward the last. 
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(6) Method of Park 

Dissolve the sample exactly as described in the above method of 
de Haen-Low and continue exactly as described there but receive the fil- 
trate obtained after heating to fumes of H 2 SO 4 , diluting and filtering 
off the unsoluble residue, in a 250-ml Erlenmeyer flask. Concentrate 
to about 30 ml, cool, and add ammonium hydroxide until a slight per- 
manent precipitate (usually Fe(OH) 3 ) is formed or the solution begins 
to turn a permanent blue. Heat if necessary to remove excess ammonia. 
Add 2 g of ammonium bifluoride, weighed to the nearest centigram, and 
1 g of potassium acid phthalate, also weighed to the nearest centigram. 
When the solution is clear, add approximately 3 g of potassium iodide 
and titrate at once with thiosulfate solution, adding starch toward the 
last. 

With the above conditions the pH of the solution is about 4 and anti- 
mony or arsenic is not reduced by the iodide. Ferric iron is not reduced 
because it is present for the most part as FeFs""" anions. 

22. Analysis of Arsenious Acid 

The titration can take place in exactly the same way as in the stand- 
ardization of 0.1 A iodine solution (see p. 590). 


23. Determination of Antimony Trioxide Compounds 

1 liter of 0.1 A iodine solution = = 7.289 g SbjOj = 6.089 g Sb 

The titration is carried out exactly as with arsenious acid (cf. p. 590) 
except that tartaric acid, or Rochelle salt, must be added to the solu- 
tion in order to prevent the precipitation of antimonous acid, or anti- 
mony oxychloride, as a result of hydrolysis. 

Examples: 


(a) Determination of Antimony in Tartar Emetic 


1 liter of 0.1 A iodine solution 


K(SbO)C4H40e + 

m 


If an aqueous solution of tartar emetic is treated with iodine in the presence of 
starch, the first few drops of reagent will impart a permanent blue color to the solu- 
tion. If, however, a little sodium bicarbonate is added to the solution, the trivalent 
antimony is oxidized quantitatively to the quinquevalent condition. 

K(Sb0)C4H406 + eNaHCO, + I, » 

Na,Sb 04 + 2NaI + KNaC 4 H 40 , -f 3HaO + 6CO, 
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Dissolve 8.350 g of tartar emetic in water, dilute the solution to exactly 500 ml, 
and mix well. Of this solution, transfer 20 ml with a pipet into 100 ml of water 
containing 0.5 g of sodium bicarbonate. Titrate with 0.1 AT iodine solution, using 
starch as an indicator. 


(b) Determination of Antimony in Stibnite 
1 ml of normal iodine solution = 0.06088 g Sb 

Principle. Stibnite, 86283, dissolves in 12 N normal hydrochloric acid with evolu- 
tion of hydrogen sulfide. 

86283 -f 8HC1 2HSbCl4 + 3H2S t 

After the hydrogen sulfide has been removed, tartaric acid is added to form the 
antimonyl tartrate ion, which is so stable that it prevents the hydrolysis of the 
antimony salt upon dilution : 

SbCU" + H2C4H40« + H2O H(Sb0)C4H406 + 3H+ + 401“ 

The final titration takes place as follows: 

H(Sb0)C4H406 + I2 -f- 2HC08' H(Sb02)C4H406 + 2I~ + H2O + 2COa T 

Weigh out 0. 2-0.3 g of stibnite into a 150-ml beaker, cover with a 
watch glass, and add 10 ml of concentrated hydrochloric acid. Allow 
the acid to act in the cold for 10 minutes, add 0.3 g of solid potassium 
chloride, and heat gently on the water bath for 15 minutes to complete 
the attack and expel hydrogen sulfide. Take care not to allow the 
liquid to evaporate sufficiently to expose any part of the bottom of the 
beaker. There is usually a silicious residue, insoluble in hydrochloric 
acid. 

Remove the beaker from the water bath, cool to room temperature, 
and add a solution of 3 g of tartaric acid which has been dissolved by 
heating in a test tube with 5 ml of water and cooled under running 
water. Mix well by rotating the contents of the beaker. Slowly add 
water, while stirring, to a volume of about 100 ml. 

Pour this solution slowly, while stirring, into a 600-ml beaker contain- 
ing 10 g of sodium carbonate dissolved in 200 ml of cold water. This 
serves to neutralize the acid and provide sufficient sodium bicarbonate 
to keep the solution neutral during the iodine titration. Washdown the 
sides of the beaker, add starch paste, and titrate with iodine to the ap- 
pearance of a permanent blue. 

If a fugitive end point is obtained, SbOCl has been precipitated or 
not enough sodium bicarbonate is present. 

Remarks. Antimony chloride is volatile with steam from its concentrated, hydro- 
chloric acid solutions, but. the heating on the water bath can be carried out, without 
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fear of losing antimony, if the aiiid is not allowed to evaporate too much and KCl 
is present to form less volatile KSbCL. 'riiis heating serves to remove all the 
hydrogen sulfide which would otherwise precipitate the antimony as trisulfide upon 
diluting the solution. If insufficient tartaric acid is present, antimony oxychloride, 
SbOCl, precipitates; and if the solution is titrated in this condition it is impossible 
to obtain a permanent end point. 


24. Determination of Antimony Pentoxide Compoimds (A. Weller)^ 

By heating a ciuinqnovalent antimony compound with concentrated 
hydrochloric acid and potassium iodide in the Bunsen apparatus (Fig. 
88, p. 598), the antimonic acid is reduced with separation of iodine: 

H3Sb04 + 5H+ + 21" -f dlloO -f I 2 

The iodine is distilled over into potas.sium iodide solution and titrated 
with 0.1 N Na 2 S 203 vsolution. The results are a little low. 


26. Determination of Hydrogen Sulfide 


1 1 of 0.1 iV Na 28203 .solution 


20 


1.704 gHaS 


If an acid solution of hydrogen sulfide is treated with iodine, the 
sulfide is oxidized with separation of sulfur: H 2 S + I 2 = 2HI -f S. 
The solution must not react basic as then some sulfide will be oxidized 
to sulfate and some iodine will react with OH to form iodide and iodate 

ions. . 

For the determination of the amount of the gas present m hydrogen 
sulfide water, transfer a mea.sured amount by means of a pipet to a 
known volume of 0.1 iV iodine solution and titrate the excess of the latter 
with thiosulfate solution.^ 

If the amount of hydrogen .sulfide present is not very large, correct 
results are obtained without difficulty. With considerable hydrogen 
sulfide, on the other hand, the deposited sulfur is likely to enclose some 
of the iodine solution, as shown by its brown color; this iodine escapes 
the titration with thiosulfate. In such a ca^e, remove the film of sul- 
fur floating on the surface of the liquid with a glass rod after the com- 
pletion of the thiosulfate titration, transfer it to a gto-^toppered cylinder, 
and shake with 1-2 ml of carbon disulfide. This dissolves the iodine 
with a violet color, and the color can be discharged with sodium thiosulfate 


1 Ann. Chem. Pharm., 213 , 364. 

* Correct results cannot be obtained by 
Brunck, Z. and. Chem., 45 , 541 (1906). 


titrating directly with iodine; 


cf. 0. 
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solution.^ In this way the total amount of the iodine that remains can 
be titrated. 

Remark. This method can be used to advantage for determining the sulfur pres- 
ent in soluble sulfides. 


Determination of Hydrogen Sulfide in Mineral Waters 

Place a measured amount of 0.01 N iodine solution and 2 g of potas- 
sium iodide in a tall liter cylinder, add 1 1 of the water to be analyzed, 
and, after thoroughly shaking, titrate the excess of the iodine with 
0.01 N thiosulfate. The iodine solution used is standardized by meas- 
uring off 10 ml of the solution, adding 2 g of potassium iodide, diluting 
to 1 1 with boiled water, and titrating with 0.01 N thiosulfate solution. 


Remark. The hydrogen sulfide in a water is not always present as free gas but 
may be present as hydrosulfide, i.e., as HS“ anions. The mineral water will also 
contain free carbonic acid and HCO#" anions. According to the mass-action law: 


( 1 ) 


[H^^] X [HS-1 

[US] 


= 0.91 X 10- 


and 


( 2 ) 


[H^] X [HCOa 
[H2CO3] 


3.04 X 10- 


Since the two equilibria are both satisfied in the solution, the hydrogen-ion con- 

, . , .1 . rTT 4 .i 0.91 X 10-^ X [H 2 S] ^ . 

centrated is the same in each expression. [H+j =* - , and msertmg 


this value in equation (2) we have 

(3) 


[HS-] 


[HS-] 

III 2 S] 


^ 0.3 


[HCO,-] 

[H2CO,] 


In all these equations the symbols in brackets represent moles per liter of the sub- 
stance. 

With the aid of equation (3) it is possible to compute the quantity of free hydrogen 
sulfide present in a sample of mineral provided that a complete analysis of the water 
has been made. 

Let C = the total millimoles per liter of non-ionized II2CO3 and HC 03 “, let S = 
the total millimoles per liter of HS" and non-ionized H2S, and let d = the difference 
between the total milliequivalents of cations per liter and of the anions with the 
exception of HCO3' and HS". Then d = [HS"] + [HCOa"], S = [HS" + H2S] 
and C = d -H [H2CO,] - [HS"]. 

From this it follows: 

[HS"] = 5 - [HiS] 

[HCO,-] =d- [HS"] = d-S-\- [H2S] 

[H2CO,] = C -d +'[HS"] = C - d -h - [H2S] 


‘ The separation of the sulfur into a coherent film can be prevented by sufficiently 
diluting the solution with boiled water. O. Brunck (Z. amd. Chem., 46, 541) there- 
fore, recommends using 0.01 N iodine instead of 0.1 W solution, and this is certainly 
advisable with small quantities of hydrogen sulfide as, for example, in a mineral 
water. On the other hand, when a relatively large volume of hydrogen sulfide is 
liberated from a sulfide by means of acid it is advisable to use 0.1 W iodine, as other- 
wise the volume of solution will be too large unless a very small weight of substance 
is used in the analysis. 
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Substituting these values in equation (3) we get: 

S - [H.S1 ^ d-S + [HiSl 
(HjSl "’c -d + S - [HsS] 

and by solving the equation 

(4) [HjS] = - c - 0.7d) ± V (1,7^! + C - 0.7d)» - 2.8S(S + C - d) 

1.4 

= millimoles of free H2S per liter. 

This value multiplied by 0.03409 gives the weight of free HaS in grams. 

26. Analysis of Alkali Sulfides 

R, S S 

1 I of 0.1 N iodine solution = ^ ~ 1.603 g S 

Allow a measured volume of the alkali sulfide solution to run slowly, 
with constant stirring, into 300-400 ml of water, an excess of iodine, 
and hydrochloric acid.^ Titrate the excess of iodine with sodium thio- 
sulfate solution. 

Remark. The solution of sulfide cannot be titrated directly in the iodine. 


27. Analysis of Mixtures of Alkali Sulfide, Alkali Hydrosulfide, 
and Hydrogen Sulfide 


1 1 of 0.1 A iodine solution = 


1.704 g H2S 
2.803 g NaHS 
3.903 g NaaS 

Principle. If a solution of alkali sulfide and alkali hydrosulfide is treated with an 
acid solution of iodine, the following reactions take place: 


(а) NazS + 2HC1 = 2NaCl -f HjS 

(б) NaSH + HCl = NaCl + H2S 
(c) H2S + I3 = 2HH- S 


Hydrogen sulfide is a very weak acid, without effect upon phenolphthalein indi, 
cator. After oxidation, the hydrogen sulfide is replaced by the strong mineral acid- 
hydriodic acid. 

It is evident from the above equations that in the case of the sulfide, the quantity 
of hydriodic acid formed by the oxidation of the hydrogen sulfide is equivalent to the 
quantity of hydrochloric acid required to decompose the sulfide. In the case of the 
hydrosulfide, however, which is the acid salt of hydrogen sulfide, the quantity of 
hydriodic acid formed is equivalent to twice the quantity of hydrochloric acid required 
to decompose the hydrosulfide. 

By determining the quantity of acid or base present at the start, the acidity at the 
end of the analysis, and the quantity of iodine used in oxidizing the sulfide to free 
sulfur, one can distinguish between the following possibilities, in which it is assumed 
that any strong acid present is hydrochloric acid and any base is sodium hydroxide. 


^ To determine how much acid is necessary, titrate a trial sample with methyl 
orange as indicator with 6 N hydrochloric acid. 
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The reasoning applies, of course, to cases where other strong acids or other bases are 
present. The solution may contain: 

(1) Sodium hydroxide, NaOH, and sodium sulfide, NajS. 

(2) Sodium sulfide alone. 

(3) Sodium sulfide, Na 2 S, and sodium hydrosulfide, NaHS. 

(4) Sodium hydrosulfide alone. 

(5) Sodium hydrosulfide, NaHS, and hydrogen sulfide, H 2 S. 

(6) Hydrogen sulfide alone. 

(7) Hydrogen sulfide, H 2 S, and hydrochloric acid, HCl. 

Any other possibility is excluded because sodium hydroxide and sodium hydrosulfide 
react to form sodium sulfide; sodium sulfide and hydrogen sulfide react to form 
sodium hydrosulfide; sodium hydrosulfide and hydrochloric acid react to form hydro- 
gen sulfide. We may regard these last three reactions as taking place piactically 
completely because there is a great difference in the ionization constants of HCl, 
H 2 S and HS~. 

Now let us consider what will happen in the analysis of the seven mixtures just 
mentioned. In the analysis let us assume that a milliequivalents of iodine solution 
together with b milliequivalents of hydrochloric acid are added at the start. The 
excess iodine is titrated with c milliequivalents of sodium thiosulfate, and after that 
d milliequivalents of sodium hydroxide are added to make the solution neutral to 
phenolphthalein. From these four values, a, h, c, and d, we can easily compute 
the quantity of NaOH, Na 2 S, NaHS, H 2 S, and HCl originally present, but, as just 
explained, the only possible combinations will be two neighboring compounds, 
NaOH and NaaS, NaaS and NaHS, NaHS and H 2 S, H 2 S and HCl. 

(1) In this case, the hydrochloric acid added at the beginning of the analysis will 
be neutralized by both NaOH and NaaS. The quantity of iodine required will be 
equivalent to the sulfide present, and, since the weak hydrogen sulfide becomes strong 
hydriodic acid, just as much hydriodic acid will be formed as was required of hydro- 
chloric acid to liberate hydrogen sulfide from the sodium sulfide. 

a — c = milliequivalents of sulfide present 
b — d — milliequivalents of NaOH 

The molecular weight of NaaS divided by 20(X) is the milliequivalent weight of NaaS. 

(2) In the second case, when sodium sulfide alone is present, b = d and a — c — 
milliequivalents of sulfide as in case (1). 

(3) When sodium sulfide and sodium hydrosulfide are both present, the relations 
are a little more complicated. As in the previous cases, a — c = the milliequiva- 
lents of sulfide present, and the milliequivalents of sodium sulfide and of sodium 
hydrosulfide from the standpoint of iodimetry are the molecular weights divided by 
2000 in each case. The value d in this case is greater than b) d — b = the milli- 
equivalents of NaHS present and a — c > 2(d — b) because the milliequivalent 
weight of sodium hydrosulfide from the acidimetric standpoint is one-thousandth of 
the molecular weight. Therefore, if we subtract from a — c (the total milliequiva- 
lents of iodine required for Na 2 S and NaHS) twice the value of d — 6, the difference 
will be the milliequivalents of Na 2 S present. 

(4) Here o — c = 2(d -- 6). The NaHS content can be computed from either 
a — c or from d — 6, but we must remember to divide the molecular weight of NaHS 
by 2000 if we wish to find the milliequivalent from the iodi metric standpoint and by 
1000 if we wish to find the milliequivalent from the acidimetric standpoint. 
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(5) When NaHS and HS are present, a - c < 2(d - b) . Here, as in every other 
case, the milliequi valent of each sulfide is the molecular weight divided by 2000 
from the iodimetric standpoint. With respect to the HI formed by the action of 
iodine, the milliequivalent weight of NallS is the molecular weight divided by 
1000, but with hydrogen sulfide it is the molecular weight divided by 2000 exactly as 
in the iodine titration. If we call ni the number of millimoles of NaHS and n* 
the millimoles of H 2 S, then 

2ni 2 n 2 — a — c 


ni 4- 2n2 = d — h 

(6) When hydrogen sulfide alone is present 

a — c — d — h 


(7) When hydrogen sulfide and hydrochloric acid are present, a — c < d — b. 
From the value of a — c the quantity of HjS can be computed, and by subtracting 
a — c from d — b the milliequivalents of HCl present are found. 

In any case, therefore, all we have to do is to compare the milliequivalents of 
iodine with the milliequivalents of acid or base required to neutralize the solution 
after the iodine titration. Calling the former value 7\ (a — c in the above notation) 
and the latter value 1\ (d — 6 in the above notation), the above seven cases can be 
summarized as follows: 


(1) In determining T 2 , we find that b > d. 
NaaS. 


(2) 

(3) 

(4) 

(5) 

( 6 ) 
(7) 


Ti = 0. NaaS alone is present. 

Ti > 2 T 2 . Na 2 S and NaHS are present. 
T\ = 27*2. NaHS alone is present. 

Ti < 2 T 2 . NaHS and IHS are present. 
Ti = Ti. H 2 S alone is present. 

Ti < Ti. H 2 S and HCl are present. 


The solution contains NaOH and 


One naturally inquires at this point whether such a study is of great impor- 
tance. No such claim can be made. There is really no need for asking a 
student to carry out such an analysis in the laboratory in an elementary course of 
instruction. On the other hand, it is profitable for him to try to understand these 
relations, for such problems do actually arise in chemical practice and, if he under- 
stands what is meant by an equivalent weight, there is no reason why he should find 
great difficulty in following the above reast>ning. Confusion arises from the fact that 
the milliequivalent weight varies in accordance with the nature of the chemical 
reaction involved. The mathematical computations involve nothing more difficult 
than elementary algebra. 


Procedxire. Dilute a known volume of 0.1 N iodine together with 
a known volume of 0.1 iV hydrochloric acid^ in a beaker to a volume of 
about 400 ml, and slowly add the solution containing the dissolved sul- 
fide from a buret with constant stirring, until the mixture becomes pale 
yellow. Add starch indicator and titrate the excess of iodine with tenth- 

1 Enough acid to decompose all sulfide must be present. An excess does no harm. 
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normal thiosulfate solution. Finally, titrate the acid in the solution 
with 0.1 N sodium hydroxide solution, using phenolphthalein as indicator. 
Calculate the results as outlined above. 

28. Determination of Sulfur in Steel by the Evolution Method 

Transfer 5 g of steel borings to a 250-ml flask which is fitted with a 
rubber stopper carrying a thistle tube that extends nearly to the bottom 
of the flask and a Kjeldahl distilling bulb 
which ends just below the surface of the stop- 
per (Fig. 92). This bulb acts as a splash 
trap. Connect the outside end of the bulb 
with glass tubing that reaches nearly to the 
bottom of a 200-ml Erlenmcyer flask. Con- 
nect the latter with a second Erlenmcyer 
flask. In each of the Erlcnmeyer flasks 
place 50 ml of water and 10 ml of cither of 
the following ammoniacal absorbents. * 

Ammoniacal Zinc Sulfate. Dissolve 20 g of 
ZnSO^-TH/) in 100 ml of water, and to the solu- 
tion add an equal volume of concentrated am- 
monium hydroxide. Filter after standing over 
night. 

Ammoniacal Cadmium Chloride. Dissolve 12 g 
of CdCl2-2H20 in 150 ml of water and to the 
solution add 60 ml of concentrated ammonium 
hydroxide. Filter if not clear. 

Pour 80 ml of ON HCl through the thistle tube of the evolution 
flask and heat so that there is a rapid and steady evolution of gas. 
When all the steel has dissolved, boil for 30 seconds, but never long 
enough to cause much HCl to pass over into the other flasks. The 
first flask should contain all the sulfur of the steel as white ZnS or as 
yellow CdS. The second flask is used merely to make sure that no 
H 2 S escapes unabsorbed. Filter off the sulfide precipitate, and wash 
out the flask twice with dilute NH4OH (approximately 0.5 N). Trans- 
fer the filter and precipitate to a beaker, and cover with 300 ml of water. 
Rinse out the delivery tubing, where there is any sulfide, with 50 ml of 
N HCl, and add this solution to the liquid in the beaker containing the 
precipitate. At once add a measured volume of standard iodine solu- 
tion (10 ml of 0.05 N solution is usually sufficient and should be added 
from a pipet), and after a few minutes titrate the excess iodine with 
sodium thiosulfate solution to a starch end point (see p. 588). 
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Unless the relative strengths of the two solutions have been checked 
recently, add 10 ml of the iodine solution from a pipet to 300 ml of 
water to which 5 ml of concentrated HCl has been added and titrate 
with thiosulfate to a starch end point. 

In this analysis, the milliequivalent weight of sulfur is 0.016 g. 
Standardize the solutions by any method described on pp. 586-591. 

Most cast irons do not give up all their sulfur by this method of analysis. The 
values are nearer the truth if the sample is annealed as follows: Wrap 5 g of sample 
in two 11-cm filter papers so that all the metal is under at least 3 thicknesses of 
paper. Place in a 25-ml porcelain crucible, cover with a well-fitting lid, and heat 
30-40 minutes at about 750°. Cool slowly, and transfer the charred paper and steel 
to the evolution flask. With high-silicon irons, heat the acid rapidly to boiling and 
then allow to simmer. 

If selenium is present, all or a part of it is evolved as HaSe. If a mixture of HaS 
and HaSe is passed through 60 ml of the following special reagent, the IlaSe is absorbed 
but the HaS is not. After this the HaS is absorbed as usual. 

Special Reagent for HaSe. Mix 10 g of ZnO with water and dissolve in as little 
6 N HCl as is convenient. Add 50 g of KCl and dilute to 1 1. Add dilute KOII until 
a portion of the solution gives a yellow color when tested with thymol blue indicator, 
then add carefully dilute IICl until the color obtained in the test is a full red. 
This reagent absorbs IlaSe but not IlaS. 

Remark. Instead of 0.05 AT iodine solution a solution of 1,12 g KlOa and 12 g 
KI in a liter of water is often used. This mixture furnishes iodine when added to 
dilute acid; 

SKI -f KlOa -f 6HC1 = 312 + 6KC1 -f SHjO 

It is 0.0314 N with respect to iodine and 1 ml = 0.000503 g S if the KIOs is pure and 
the weighing is exact to three significant figures. 

29. Determination of Thiosulfate in the Presence of Sulfide 
and Hydrosulfide 

Treat a measured volume of the solution in a 200-ml measuring flask 
with an excess of freshly precipitated cadmium carbonate. Shake 
well and dilute the liquid to the mark. Pllter through a dry filter, 
reject the first 20 ml of filtrate, and titrate 100 ml with iodine solution. 
By shaking with cadmium carbonate, the sulfide and hydrosulfide are 
precipitated as yellow CdS and the thiosulfate remains in solution. 

30. Determination of Sulfurous Acid 

so 

1 1 of 0.1 iV iodine solution = -^ = 3.203 g SO, 

The determination is based upon the following reaction: 

SO, + 2 H,o + 1, = 4H+ + 2 r + sor' 
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the sulfurous acid being oxidized to sulfuric acid. If starch is added 
to a solution of sulfurous acid, and a titrated iodine solution is run 
into it from a buret, the blue color will not be obtained until all the 
sulfurous acid has been acted upon. Bunsen, however, in 1854 showed 
that this sensitive reaction, which was first used by Dupasquier, will 
take place quantitatively according to the above equation only when 
the solution does not contain more than 0.04 per cent by weight of SO 2 . 
With greater concentrations uniform results are not obtained. 

Correct results are always obtained if the stdfurous add is added slowly y 
with constant stirring, to the iodine solution until the latter is decolorized. 

In the analysis of sulfites, add the sulfite solution from a buret to the 
solution of iodine and hydrochloric add. 

31. Determination of Formaldehyde (Formalin). Method of 
G. Romijn^ 

HCHO 

1 1 of 0.1 N iodine solution = — ^ — = 15.01 g formaldehyde 

Principle. Formaldehyde is oxidized quantitatively to formic acid by remaining 
in contact with iodine for a short time in alkaline solution: 

HCHO -h H 2 O + I 2 = 2HI + HCOOH 

Procedure. The aqueous solution of formaldehyde, known com- 
mercially as ‘‘ formalin,^’ contains about 40 per cent of formaldehyde. 
For analysis, dilute 10 ml of the formaldehyde solution to 400 ml, 
and of this 1 per cent solution, take 5 ml (== 0.125 ml of the original 
solution) for analysis. Add 40 ml of 0.1 A iodine solution, and im- 
mediately afterwards strong sodium hydroxide solution, drop by drop, 
until the color of the solution is a light yellow; allow to stand for 10 
minutes. Then make the solution acid with hydrochloric acid, and 
titrate the excess iodine with 0.1 iV sodium thiosulfate solution. 

32. Determination of Ferricyanic Acid^ 

1 1 of 0.1 N iodine solution = = 32.92 g K,Fe(CN), 

Principle. If a neutral solution of potassium ferricyanide is treated with an 
excess of potassium iodide, the ferricyanide ion is reduced to ferrocyanide ion with 
separation of free iodine: 

2K,Fe(CN)« -|- 2KI ?=i 2K4Fe(CN)e + Ii 


1 Z. anal. Chem., 36, 19 (1897). 

* Lenssen, Ann. Chem., 91 , 240. Mohr., ibid., 106 , 60. 
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Lenssen titrated the liberated iodine with sodium thiosulfate, but 
the rasults are not concordant, because the reaction is a reversible one. 
The reaction is quantitative, however, as Mohr first showed, if the 
ferrocyanide is removed from the solution as fast as it is formed. This 
is accomplished, according to Mohr, by adding an excess of zinc sulfate, 
free from iron, to the solution. According to the experiments of E. 
Muller and O. Diefenthaler,^ the titration should take place in a solu- 
tion which is as nearly neutral as possible, but not in one made alkaline 
by the addition of sodium bicarbonate; some NalO is formed. 

Muller and Diefenthaler’s Procedure. Weigh out 0.7 g of the ferri- 
cyanide into a glass-stoppered flask, dissolve in about 50 ml of water, 
and treat with 3 g of potassium iodide and 1.5 g of zinc sulfate free from 
iron. If an acid solution of ferricyanide is to be analyzed, carefully 
neutralize with caustic soda until barely alkaline and then made acid 
with a drop of sulfuric acid. Alkaline solutions must always be neu- 
tralized with acid. 

33. Determination of Ferri- and Ferrocyanide in the Presence 
of One Another 

In one sample determine ferricyanide iodimetrically as just described 
and in another sample determine ft^rrocyanide by permanganate 
titration (p. 564). 

D. POTASSroM lODATE, POTASSIUM BROMATE, 

AND CALCIUM HYPOCHLORITE METHODS 

POTASSIUM lODATE 

Potassium iodate, KIOs, and potassium biiodate, KH (103)2 arc good oxidizing 
agents but the iodate ion has a lower oxidation potential than the other oxidizing 
agents, with the exception of iodine, which have been discussed up to this point, and 
iodates are expensive. The chief uses of these iodates in titration methods is as 
standards in alkalimetry, acidimetry, and iodimetry. The iodates are also useful 
for preparing solutions containing known quantities of iodine, for the reaction 

lOs" + 51 " + 6 H+ = 3I2 + 3H2O 

takes place completely in the presence of sufficient iodide and acid. The iodates 
can be prepared in a very pure state and are easier to weigh out and dissolve than 
iodine. In strong hydrochloric acid, iodate is reduced quantitatively to iodine 
monochloride, rather than to iodine. 

10," -f 21 " + 6 H+ 4 - 3 Cr = 3 IC 1 + SHjO 

The iodine monochloride is not very stable and is readily reduced to free iodine. It 
is often used as a catalyzer in oxidation titrations; when the reducing agent is in 


‘ Z. anorg. Chem., 1910, 418. 
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excess free iodine is liberated, and when enough of the oxidizer has been added to 
react with all the reducing agent, the iodine disappears (cf. p. 636 and below). If the 
concentration of hydrochloric acid is at least 3 AT, potassium iodate can be used for 
the titration of alkali iodide, free iodine, arsenite, hydrazine, sulfurous acid, etc., 
in accordance with the following equations:^ 

21" + IO3- 4- 6H+ + 3C1~ -^3IC1 -f- SHzO 
2I2 + lOs" + 6H+ 4- 5Cr -> 5IC1 -f 3H2O 
2AS+++ + lOs' 4- Cr 4- 5H2O 2H8ASO4 + ICl + 4H-^ 

N2H4 + lOs' 4- 2H+ 4- cr N2 4- ICl + 3H2O 
2H2SO3 + lOa" 4- cr -> 2804'" 4- ICl 4- H2O 4- 2H+ 

Instead of high concentrations of hydrochloric acid, the above reactions can be 
carried out in 0.5 N sulfuric acid when potassium cyanide is added. ^ In this case 
iodine cyanide, instead of iodine monochloride, is formed: 

IO3 -h 21“ 4- 3H+ = 3ICN 4- 3H2O 

Determination of Copper with Potassium Iodate* 

L. W. Andrew^ has shown that quite a number of substances capable of re- 
ducing iodate, such as free iodine, iodides, arsenites, and antimonites, can be titrated 
with potassium iodate very exactly, by taking advantage of the fact that, when the 
reducing agent is present in excess, free iodine is formed which is oxidized quanti- 
tatively by more iodate, provided that the profx^r amount of hydrochloric acid is 
present. Copper solutions are precipitated quantitatively by potassium thiocyanate 
and sulfurous acid as cuprous thiocyanate, CuSCN, and Parr^ has estimated copper 
quantitatively by titrating this precipitate with permanganate. The oxidation is 
simpler and more accurate, liowever, when the titration is effected by potassium 
iodate or biiodate. The reaction goes through the stage in which iodine is set free, but 
the iodine is oxidized completely to iodine chloride upon the addition of more iodate: 

(а) lOCuSCN -f I4KIO3 4- 14HC1 = lOCuSO* + 7Ia + lOHCN 4- 14KC1 4* 

2II2O 

(б) 2I2 4- KlOa + 6HC1 = KCl 4" 5IC1 4- 3H2O 
and the whole reaction is 

(c) 4CuSCN 4- TKIOs 4- 14HC1 = 4CuS04 + 7IC1 4- 4HCN 4- 7KC1 4- SHaO 

The potassium iodate solution is very stable and can be preserved for years if 
protected from evaporation. The standard solution used can be prepared by weigh- 
ing out a known amount of the pure salt and dissolving to a definite volume, or the 
solution can be standardized against pure copper, carrying out the process as in an 
analysis. A convenient concentration is H nriole KIO3 per liter. 


1 See G. S. Jamieson, Volumetric Iodate Methods^ New York, 1926. 
s R. Lang, Z. anarg. allgem. Chem., 122, 332 (1922); 142, 229, 279 (1926); 144, 
76 (1925). 

» Jamieson, Levy, and Wells, J. Am. Chem. Soc.^ 30, 760 (1908). 

< Ibid., 26, 756 (1903). 

« Ibid., 22, 685 (1900). 
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Procedure. To 0.5 g of the ore in a 200-ml flask, add 6-10 ml of 
strong nitric acid, and boil gently, preferably over a free flame, keeping 
the flask in constant motion and inclined at an angle of about 45"", until 
the larger part of the acid has been removed. If this does not completely 
decompose the ore, add 5 ml of strong hydrochloric acid and continue 
the boiling until the volume of liquid is about 2 ml. Now add gradually 
and carefully, after cooling somewhat, 12 ml of 18 AT sulfuric acid, and 
continue the boiling until sulfuric acid fumes are evolved copiously. 
Allow to cool, add 25 ml of cold water, heat to boiling, and keep hot 
until the soluble sulfates have dissolved. Filter into a beaker, and 
wash the flask and filter thoroughly with cold water. Nearly neu- 
tralize the filtrate with ammonia and add 10-15 ml of strong sulfur 
dioxide water. Heat just to boiling and add 5-10 ml of a 10 per cent 
solution of ammonium thiocyanate, according to the amount of copper 
present. Stir thoroughly, allow the precipitate to settle for 5 to 10 
minutes, filter on paper, and wash with hot water until the excess ammo- 
nium thiocyanate is removed completely. 

Place the filter with its contents in a glass-stoppered bottle of about 
250-ml capacity, and by means of a piece of moist filter paper transfer 
into the bottle any precipitate adhering to the stirring rod and beaker. 
Add to the bottle about 5 ml of chloroform, 20 ml of water, and 30 ml 
of concentrated hydrochloric acid (the two last liquids may have been 
mixed previously). Now run in standard potassium iodate solution, in- 
serting the stopper and shaking vigorously between additions. A violet 
color appears in the chloroform, at first increasing and then diminishing, 
until it disappears with great sharpness. The rapidity with which the 
iodate solution may be added can be judged from the color changes of the 
chloroform. 

To make another titration it is not necessary to wash the bottle or 
throw away the chloroform. Pour off two-thirds or three-fourths of the 
liquid in order to remove most of the pulped paper, too much of which 
interferes with the settling of the chloroform globules after agitation, 
add enough properly diluted acid to make about 50 ml, and proceed as 
before. In this case, where iodine monochloride is present at the out- 
set, the chloroform becomes strongly colored with iodine as soon as the 
cuprous thiocyanate is added, but this makes no difference in the results 
of the titration. 

Determination of Lead and Arsenic in Commercial 
Lead Arsenate 

Two methods for determining lead and three methods for determining 
arsenic in this important insecticide will be described, which are taken 
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from the Proceedings of the Official Agricultural Chemists of the United 
States. 

If the sample is in the form of a paste dry the whole of it on the water 
bath to get the water content. Grind the residue to a fine powder and 
dry at 1 10-120° to constant weight. Use this for the following analyses. 

(a) Determination of Lead as Sulfate. Dissolve 2 g of the dry powder 
in 80 ml of 2.5 N nitric acid. Heat on the water bath until all the lead 
arsenate is dissolved. Transfer to a 250-ml measuring flask and dilute 
to the mark at 20°. To 50 ml of the solution, add 3 ml of concentrated 
sulfuric acid and evaporate till dense fumes of sulfuric acid are evolved. 
This is best accomplished by heating in a 250-ml Erlenmeyer flask. 
Allow to cool; cautiously add 50 ml of water and 100 ml of 95 per cent 
alcohol. Allow to stand several hours, then filter and wash 10 times 
with a mixture of 3 parts concentrated sulfuric acid, 200 of alcohol, and 
100 of water by volume. Ignite and weigh as lead sulfate (p. 58). 

Remark. If the sample contains any alkaline earth, the lead sulfate will be very 
impure and should be purified as directed on p. 59. 

(b) Determination of Lead as Chromate. Dissolve 0.6906 g of dry 
powder in 25 ml of 3 A nitric acid. Filter if necessary. Dilute to 
400 ml, heat to boiling, and add ammonia water until a slight permanent 
precipitate is formed. Dissolve tiiis precipitate with a little 1.5 A nitric 
acid and add 2 ml in excess. To the hot solution, add from a pipet 5 
ml of 10 per cent potassium chromate solution. Allow the precipitate 
of lead chromate to settle, filter into a Gooch cmcible, wash with hot 
water till free from alkali chromate, dry at 140-150°, and weigh as 
PbCr 04 . The weight of the precipitate in grams multiplied by 100 
gives the percentage of PbO present. 

(c) Determination of Arsenic by Modified Gooch-Browning Method. 
Take lOQ, ml of the nitric acid solution prepared as described in (a), 
add 6 ml of concentrated sulfuric acid, and evaporate to fumes. Cool, 
transfer to a 100-ml measuring flask with cold water and make up to 
the mark at 20°. Mix thoroughly by pouring back and forth into a 
dry beaker, allow the precipitate to settle in the stoppered flask, and 
then decant the clear solution through a dry filter. After rejecting the 
first runnings, take 50 ml of the filtrate; add 4 ml of concentrated sul- 
furic acid and 1 g of potassium iodide. Dilute to about 100 ml and boil 
until the volume is reduced to about 40 ml. In this way the arsenic acid 
is reduced to the trivalent condition and iodine is liberated. Do not 
carry the evaporation too far, or attempt to boil off the last traces of 
liberated iodine. Arsenic iodide is reddish and colors the concentrated 
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solution very much the same as a little iodine does. It is volatilized if 
the solution is evaporated too far. 

Cool the solution under running water, dilute to about 300 ml, and 
carefully add sodium thiosulfate solution until all the free iodine is 
reduced to colorless iodide, adding starch paste toward the end. At this 
dilution, the color of arsenic iodide is not apparent. To the acid solu- 
tion add 15 g of anhydrous sodium carbonate in small portions and 
titrate with 0.1 iodine solution. One milliliter 0.1 A" I 2 solution = 
0.003749 g of As. 

Remark. Inasmuch as iodine reacts with sodium hydroxide to form hypoiodite 
and iodide, it is generally recommended to finish the neutralization with sodium 
bicarbonate solution. This is unnecessary, however, because sodium bicarbonate 
is formed by the reaction between acid and the normal carbonate and as long as 
free carbon dioxide is present in the solution, there is no danger. The quantity of 
sodium carbonate added should be greater than 1 and less than 2 moles for each 
mole of sulfuric acid present, and 2-3 g of bicarbonate, formed from the normal 
carbonate, should remain unneutralized. 

(d) Determination of Arsenic by the Distillation Method. Provide a 
250-ml distilling flask with a long-stem, 50-ml dropping funnel and 
connect it to a 60-cm Liebig condenser. Connect the outlet of the 
condenser to a 500-ml Erlenmeyer flask by a short bent tube extending 
about 10 cm below the bottom of the three-hole stopper which closes 
the flask. Through the middle hole in this stopper insert a 50-cm piece 
of straight tubing so that it reaches to within about 1 cm from the 
bottom of the flask and acts as a safety tube. Through the third hole 
introduce a twice-bent glass tube starting from just below the stopper 
and 'leading nearly to the bottom of a second 500-ml Erlenmeyer flask 
with a two-hole stopper. Through the second hole insert a twice-bent 
tube leading to a 250-ml Erlenmeyer flask. Place 50 ml of water 
in the first flask, 100 ml in the second, and 50 ml in the third, and sur- 
round the first two flasks with cracked ice. The third flask acts merely 
as a trap, and no arsenic chloride should reach it. 

Weigh 0.4-0.6 g of the dry powder and 5 g of cuproas chloride di- 
rectly into the distilling flgisk, taking care not to let any powder get into 
the distilling arm. Add 100 ml of concCTitrated hydrochloric acid from 
the dropping funnel and start distilling. When the volume of liquid in 
the distilling flask has been reduced to 40 ml, add 50 ml more of acid 
and again distil to 40 ml. Finally add 25 ml more of concentrated 
hydrochloric acid and distil until only 20 ml is left in the distilling 
flask. This procedure ensures the complete volatilization of all the 
arsenic as trichloride from 0.6 g of commercial insecticides. 

After the distillation is completed, rinse out the connecting tubes 
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and transfer the contents of the first two absorption flasks to a 500-ml 
measuring flask, and make up to the mark at 20°. 

To 100 ml of the mixed solution add 15 g of sodium hydroxide dis- 
solved in a little water, and finish the neutralization by adding sodium 
carbonate until the solution is alkaline to methyl orange. Then add 
2 g of sodium bicarbonate and titrate with iodine (p. 590). 

(e) Determination of Arsenic by the Potassium lodate Method of G. S. Jamieson.' 
In a solution containing trivalent arsenic in the presence of 11-20 per cent of hydro- 
gen chloride, arsenic can be accurately titrated by means of potassium iodate solution 
(cf. p. 624): 

2AsCl8 + KlOa + 5 H 2 O 2 H 3 ASO 4 + KCl + ICl -h 4HC1 

Transfer 100 ml of the 500 ml of solution, obtained after distilling as in the previous 
method, to a 250-ml glass-stoppered bottle, add 6 ml of chloroform, and titrate with 
standard KIO3 solution containing 3.244 g KIOs per liter. One milliliter of this 
solution reacts with 3 mg of As20s. If more than 25 ml of the iodate solution is 
needed, add 10-15 ml more of concentrated hydrochloric acid before finishing the 
titration, in order to maintain the proper acidity. The end point is explained on 
p. 625. 

To determine arsenic present as arseniie in any insecticide: 

Weigh out 0.14-0.4 g of the powder, depending upon the arsenic content, into a 
260-ml glass-stoppered bottle. Add 30 ml of concentrated hydrochloric acid, 20 ml 
of water, and 6 ml of chloroform. Titrate at once with the iodate solution. Titrate 
rapidly at first, while shaking the bottle so as to give a gyratory motion to the con- 
tents. When the iodine liberated during the first part of the titration has largely 
disappeared from the solution, insert the stopper, shake well, and from this point 
add the reagent slowly, shaking after each addition. Finally wait 5 minutes after 
the color is discharged from the chloroform to see if it returns. 

POTASSIUM BROMATE METHODS 

Potassium bromate, KBrOa, is very much like potassium iodate in its reactions 
and has been used a great deal as a standard in iodimetry. Just as iodate and iodide 
are used for preparing definite quantities of iodine, so have bromate and bromide 
been used to prepare definite quantities of bromine. Liquid bromine is unpleasant 
to handle and the advantages of the bromide-bromate mixture are obvious. Free 
bromine can be detected by its color with the aid of carbon tetrachloride but a more 
sensitive indicator, in the absence of other oxidizers, is methyl orange or methyl red. 
These indicators have a red color in dilute acid solutions but the color is destroyed 
by free bromine. The color change is not reversible as the indicator is decomposed 
by the oxidation. The oxidation of the indicator, especially in strongly acidic solu- 
tions and at higher temperatures, is quite rapid, and for that reason there is some 
danger of the indicator’s losing its color where there is a local excess of oxidizer 
before the end point has been reached. Other dyestuffs can be used instead of methyl 
orange or methyl red.’ 


» J. Ind. Eng. Chem., 10 , 290 (1918). 

* Q. F. Smith and H. H. Bliss, J. Am. Chem. Soc., 53, 2091 (1931). 
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Direct titration with potassium bromate solution has been used for oxidizing triva- 
lent arsenic or antimony to the quinquevalent state and for oxidizing univalent 
thallous to trivalent thallic ions. Hydrazine is oxidized to free nitrogen as with 
iodate. Koppeschaar’s method for titrating phenols will be described below, and 
similar oxidations have been applied to the bromination of many other organic 
compounds. One of the most important applications is the determination of mag- 
nesium after its precipitation with 8-hydroxy quinoline (oxine). A similar titration 
can serve for any other oxine precipitate (e.g., Al, Fe, Zn, Ni, Cu, Mn). 

A standard 0.1 KBrOs solution can be easily obtained by dissolving 2.783 g of 
pure KBrOa in water, diluting to exactly 1000 ml in a volumetric flask, and mixing. 
Sometimes about 10 g of pure KBr is dissolved together with the bromate, but usually 
the bromide is added to the solution to be titrated. If there is any doubt about the 
purity of the potassium bromate, the solution can be standardized against arsenic 
trioxide. 

Standardization of KBrOa against AS2O3. Weigh out to the nearest 0.1 mg about 
0.2 g of pure As^Os (equivalent weight 49.4.'5) into a 250-ml Erlenmeyer flask. Dis- 
solve in Na^COs solution and neutralize with HCl as described on p. 591. Dilute to 
about 50 ml; add 15 ml of concentrated IICl, 0.5 g KBr, and 1 or 2 drops of 0.1 per 
cent methyl orange indicator solution. Titrate slowly with the bromate while keep- 
ing the solution mixed l)y constant swirling. '^Poward the last add the bromate 
dropwise with a few seconds’ interval between drops until the color changes sharply 
from red to colorless or pale yellow. Mix well and add another drop of indicator to 
make sure that the end point is reached. 

Determination of Arsenic 

1 1 of 0.1 AT KBrO, = = 2.783 g KBrO, = 4.948 g Ab.0, 

Principle. If a hydrochloric acid solution of arsenious acid is treated with potas- 
sium bromate, the arsenic is completely oxidized to arsenate. As soon as all the 
arsenic is oxidized, the next drop of potassium bromate solution causes separation 
of bromine. 


SNaJIAsOs + KBrOa + 6HC1 = 6NaCl + KBr + 3H,AsO« 

KBrOs + 5KBr + 6HC1 = 6KC1 + SH^O + SBr, 

If the solution contains methyl orange it will show an acid reaction as long as 
arsenic is present, but free bromine destroys the indicator and the solution becomes 
colorless at the end point. 


Determination of Antimony 

Potassium bromate method can be used for oxidizing trivalent anti- 
mony to the quinquevalent state. The procedure is similar to that 
described for the determination of antimony in Babbitt metal (p. 104) 
except that KBrOa is used instead of KMn 04 . The presence of methyl 
orange, which is decolorized at the end point, is desirable. (Cf. ** Stand- 
ardization of KBrOa solution against AS 2 O 3 /O 
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Determination of Alkali Sultides with Potassium Bromate^ 

1 1 of 0.1 N KBrO, = ^ = 0.4260 g H 2 S 

H2S + 4H2O + 4Br2 = 8HBr + H2SO4 

Place the measured sample of solution in the liter bottle shown in 
Fig. 93, which is provided with a ground-glass stopper carrying a drop- 
ping funnel. Add a considerable excess of 0.1 iV potas- 
sium bromate solution and 3-4 g of potassium bromide. 
Evacuate the bottle with a water suction pump and 
close the stopcock. Pour hydrochloric acid in the fun- 
nel and allow it to flow into the bottle by carefully open- 
ing the stopcock. When the solution is distinctly acid, 
close the stopcock and shake the contents of the bottle. 
To effect a good oxidation, the solution should contain 
25 per cent of concentrated hydrochloric acid by vol- 
ume. At first the solution assumes a brown color, then 
the color fades but should remain distinctly yellow. A 
slight turbidity of sulfur disappears in 10-15 minutes, 
being oxidized to sulfuric acid. 

When the solution is perfectly clear, wash out the funnel with a little 
water but avoid letting air enter. Add 2-3 g of potassium iodide dis- 
solved in a little water and shake. Rinse out the funnel and titrate 
with sodium thiosulfate solution. 

If T is the volume of 0.1 iV bromate solution used and t the volume 
of 0.1 A thiosulfate, then (T — t) 0.0004260 g H 2 S is present. 

This method is a little more complicated than direct titration with 
iodine, but as the oxidation of the sulfur is from sulfide to sulfate, 
4 times as much oxidizing agent is required. The method is suitable for 
the titration of hydrogen sulfide in the presence of thiocyanate. 

Determination of Alkali Sulfide in the Presence of Alkali Thiocyanate 

The reactions involved in the method are illustrated by the follow- 
ing equations: 

. f H2S + 4H2O + 4Br2 = 8HBr + H2SO4 
1 HCNS -f 4H2O + 3Br2 = H2SO4 + HCN + 6HBr 

(6) H 2 S + I 2 = 2HH- S 

In one sample determine the total sulfur content by the method just 

^ Treadwell and Mayr, Z. anorg. Chem.j 92 , 127 (1916). 
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descried, md in another sample determine the sulfide iodimetrically 
^ J -r * 0.1 AT potassium bromate solution used was T ml 

^ thiosulfate was used for titrating the excess and t[ 
ml of 0.1 iv iodine solution was used for the direct titration of sulfide in 
the same weight of substance, a g, then 

[(T - t) - 4<,]0.0968 

~ = per cent CNS 


U X 0.1603 

= per cent S (as sulfide) 


Determination of Tin with Potassium Bromate^ 

1 1 of 0.1 N KBrO, = |^ = 6.935 g Sn 

Place 20 ml of faintly acid stannous or stannic solution (about 6 g 
of tin per liter) in a 200-ml flask, add 0.15 g of aluminum wire in short 
pieces, and allow the reaction to proceed in the cold until all the tin is 
precipitated. Add 30 ml of concentrated hydrochloric acid and 20 ml of 
water, and stopper the flask with a Bunsen valve (p. 540). Heat gently 
till all the tin has dissolved. Cool and titrate with 0.1 AT potassium 
bromate solution until a permanent yellow color 
is obtained. 

3Sn++ + BrOa" + 6H+ = 3 H 2 O + Br~ + 3Sn-^+ 

BrOa" + 5Br" + 6H+ = 3Br2 + 3 H 2 O 

Remark. Boiler obtained low results when testing pure 
tin. He has improved the method by adding a slight ex- 
cess of bromate, then some potassium iodide, and finally 
titrating with sodium thiosulfate. The results are about 1 
per cent too low if air is present in the solution. Boiler 
proceeds as follows: 

Place 100 ml of 7 N hydrochloric acid in the 
500-ml flask shown in Fig. 94 and boil 5 minutes 
to expel air, with stopcock A open and B closed. 

Remove the flame and quickly introduce the 
weighed sample of metallic tin and a little piece of 
calcite to furnish carbon dioxide gas. Replace the 
top piece and, with B open, boil gently until all 
the tin is dissolved. Then close B and cool the contents of the flask 
with cold water. This produces a partial vacuum in the flask. 

‘ Method of H. Zschokke. Cf. Fiechter and Mueller, Chem. Ztg.^ 87, 309 (1913) ; 
St. Gydry, Z. anal. Chem., 82, 415 (1893). 
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While the tin is dissolving prepare a mixture of 50 ml of 0.1 iV KBrOa 
solution, 1 g of potassium bromide, and a little water. Boil 5 minutes 
to expel air. Pour this solution into the funnel of the above-mentioned 
flask and allow it to flow into the stannous solution by carefully open- 
ing the stopcock A, The stannous chloride is oxidized instantly to 
stannic salt. Rinse out the contents of the funnel with boiled water, 
add 10 ml of 5 per cent potassium iodide solution, and titrate with 
0.1 iV thiosulfate. 

The tin determination as originally given by Zschokke gives good 
results if the bromate solution is standardized against tin in the same 
way that the analysis is made. 

Determination of Thiocyanate. Method of Treadwell-Mayr 

1 1 of 0.1 N KBrO, solution = — ; 0.9847 g HCNS 

60 

In acid and neutral solution thiocyanate does not react with iodine 
but in alkaline solution the following reaction takes place: 

CNS” + 80H" H- 4I2 SOr" -f- 71" + CNI + 4H2O 

The reaction takes place very slowly. Oxidation is effected much more 
rapidly with a bromate-bromide solution in the presence of hydro- 
chloric acid: 


BrOf + 5Br" + 6H+ -> SBrs + 3H2O 
HCNS 4- 3Br2 + 4H2O -> HCN + 804'" + 6Br" 


Procedure. Treat a measured volume of thiocyanate solution with 
a measured volume of 0.1 iV potassium bromate solution and 2-3 g 
of potassium bromide in the liter bottle shown in Fig. 94, p. 631. 
Evacuate with suction and close the stopcock. Introduce 30-40 ml 
of 6 iNT hydrochloric acid for each 100 ml of solution without letting 
in any air. Shake well. After standing 10 minutes, rinse out the 
funnel with water and add 2-3 g of potassium iodide dissolved in a 
little water. Shake and then titrate the liberated iodine with 0.1 AT 
thiosulfate. 

If T is the volume of 0,1 N bromate solution and t the volume of 
0.1 AT thiosulfate, then 


(T-O 


HCNS X 100 
60,000 X a 


(T - t) 0.09847 


per cent HCNS 


a 
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Determination of Phenol. Method of W. Koppeschaar^ 

1 1 of 0.1 N NajSaO, = — = 1.568 g C*H*OH 

60 

Principle. If an aqueous solution of phenol is treated with an excess of bromine, 
the phenol is converted quantitatively into tribromophenol: 

CJhOH + 3Br2 = 3HBr + CeHaBrjCOH) 

The tribromophenol is a pale yellow crystalline substance which is quite insoluble 
in water (43.7 1 of water dissolves 1 g of tribromophenol). If, after the reaction 
has taken place, potassium iodide is added to the solution, iodine is liberated corre- 
sponding to the excess of bromine, and by titrating this iodine with sodium thiosul- 
fate solution, it is easy to find how much bromine reacted with the phenol; 


Procedure. Weigh out 5 g of phenol in a weighing beaker, dissolve 
in a little water, rinse the solution into a liter and shake well. 

Of this solution, pipet off 100 ml, transfer to another liter flask, dilute 
with water to the mark, mix and transfer 100 ml of this solution to a 
stoppered bottle of about 250-ml capacity, treat with 50 ml of 0.1 AT 
KBrOa solution and 0.5 g KBr, shake, make acid with 5 ml of concentrated 
hydrochloric acid, shake again, and allow to stand 15 minutes. Then 
add 2 g of potassium iodide and titrate the liberated iodine, correspond- 
ing to the excess of bromine, with 0.1 W thiosulfate solution, using starch 
as indicator. Then if t ml of the last solution is used and the weight 
of phenol was a g: 

(50 - 0 X 0.1568 ^ , 

— = per cent phenol 

a 

Remark. This method is suitable for the analysis of pure preparations of phenol 
(carbolic acid) but not for crude phenol, creosote oil, etc. 

Determination of Magnesium 

8-Hydroxyquinoline reacts with 2 molecules of bromine to form a dibromo sul>k 
IIOCdleN + 2Bt2 = HOCi.H4Br2 + 2HBr 


stitution product 


The graphic formula of the dibrominated product is 

Br H 

C C 

\ \ 

HC C CH 

I II I 

BrC C CH 

X / \ 

C N 

O 


^ Z. anal. Chem., 16, 233 (1876). 
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The precipitates produced with this reagent have the general formula Me(C»H60N)n, 
where n represents the valence of the cation Me. 8-Hydroxy quinoline (trivial 
name, oxine) can serve for the precipitation of copper, bismuth, cadmium, aluminum, 
and zinc in buffered acetic acid solutions and for magnesium in ammoniacal solution. 
Silver, mercury, lead, antimony, vanadium, uranium, iron, titanium, zirconium, 
tantalum, columbium, manganese, nickel, and cobalt as well as some other ions also 
give precipitates with oxine, and the reagent would be used a great deal more, for 
the precipitates are easy to handle, if it were more specific in its action. It has been 
used a great deal for precipitating aluminum, after Group II metals have been re- 
moved and a sodium hydroxide separation has been made, and for the determina- 
tion of magnesium after all other ions except the alkalies have been removed. The 
oxine precipitate can be weighed (see p. 260) or it can be dissolved and brominated 
by treating with a measured volume of standard KBrO», an excess of KBr, and hy- 
drochloric acid. After the bromination, the excess Bra (1 mole KBrOa = 6Br) can 
be determined iodimetrically by adding excess K1 and titrating the liberated iodine 
with thiosulfate, or by adding a measured volume of sodium arsenite solution and 
titrating the excess with KBrOa solution. 

Procedure. Prepare a slightly acid solution containing not more than 0.06 g 
Mg in 100 ml of solution and sufficient NH4CI (about 0.5 g) to prevent precipitation 
of Mg (OH) 2. Large quantities of ammonium salt interfere with the oxine precipita- 
tion. Heat to about 65**, and add 1 ml of oxine reagent for each 5 mg of Mg probably 
present and, in every case, 7 ml in excess. (To prepare the reagent, dissolve 25 g 
of the solid oxifie in 50 ml of glacial acetic acid, pour the solution into 950 ml of water 
which has been heated to 60®, cool, and filter.) Slowly add 6 N ammonia solution 
to a distinctly ammoniacal reaction. If an excess of the reagent is present, the color 
of the solution will now be yellow. Let the precipitate settle, filter through paper, 
and wash the precipitate with cold, 0.35 N ammonia water'. Dissolve the washed 
precipitate in hot 2 N HCl, and catch the solution, as it runs through the filter, in a 
250-ml glass-stoppered bottle. Wash with the same acid until the washings are 
colorless. Dilute with the same acid to 50 ml; add 1 g of KBr and 2 to 4 drops of 
methyl red indicator solution. Titrate slowly, while keeping the solution in motion, 
until the color changes from red to yellow. Stopper the flask, allow to stand 2 
minutes, add 1 g of KI, and titrate the liberated iodine with standard sodium thio- 
sulfate solution. 


Calcitun H3rpochlorite Method 

Kolthoff and Stenger^ have proposed the use of calcimn hypochlorite solution 
as a standard oxidizing agent. The aqueous solution can be kept in dark glass 
bottles for some time without much change in titer. 

Preparation of Approximately 0.1 N Solution. Add about 10 g of a good brand 
of commercial “ chloride of lime ” to 250 ml of distilled water, mix well, and filter. 
Dilute the filtrate to about 1 1. The formation of a turbidity of CaCOi on standing 
does no harm. 

Standardization against Arsenic Trioxide. As indicator use a 0.2 per cent solu- 
tion of Bordeaux (British Color Index No. 88). Pipet off 25 ml of standard 0.1 N 
sodium arsenite solution; add 1 g of KBr and 0.5 g of NaHCO*. Titrate with the 
hypochlorite solution fairly rapidly until within a few milliliters of the expected end 


1 Ind. Eng. Chem., Anal. Ed., 7, 79 (1936). 
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point. Add 1 drop of the indicator solution and titrate very slowly, while rotating 
the flask, until the color of the indicator fades. Add another drop of indicator, and 
if this does not fade also, add more hypochlorite until the color changes quickly 
from pink to colorless or light yellow. As indicator correction, subtract 0.03 ml of 
0.1 N hypochlorite solution for the oxidation of each drop of indicator used. 

DETERMINATION OF AMMONIA IN AMMONIUM SULFATE 

The reaction 

2NH8 + 3BrO~ = Nj + 3Br' + SHjO 

takes place rather slowly. It is best to add an excess of hypochlorite, then an excess 
of arsenite solution, and finish by titrating with hypochlorite as above. 

Procedure. Dissolve about 1 g of ammonium sulfate (weighed to four significant 
figures) in water and dilute to exactly 250 ml in a volumetric flask. Mix well and 
pipet off 25 ml of the solution. To this add 1 g of KBr and 0.5 g of NaHCOs. Ti- 
trate with 0.1 h 3 q)ochlorite until a permanent light yellow color is obtained which 
indicates an excess of hypobromite. After waiting 5. minutes, add from a pipet 
exactly 10.00 ml of 0.01 N sodium arsenite solution; add 1 drop of Bordeaux indica- 
tor, and titrate with hypochlorite as in its standardization. 

E. CERIC SULFATE METHODS 

Cerium forms colorless cerous salts in which it has a valence of 3 and yellow or 
orange ceric salts in which it has a valence of 4. Cerous salts can be oxidized to 
ceric salts in acid solutions (a) by heating with lead dioxide and 6 N nitric acid, (5) 
by heating with ammonium persulfate, (c) by electrolysis, and (d) by sodium bis- 
muthate. 

2Ce+++ + PbOa + 4H+ = 2Ce++++ + Pb++ + 2H,0 

2Ce+++ + SA" = 2Ce++++ + 2S04~~ 

Ce+++ = Ce++++ + € 

2Ce+++ + NaBiO, + 6H+ = 2Ce++++ -f- Na+ + Bi+++ -f 3HaO 

As a result of the oxidation, the colorless cerous solution becomes yellow or orange. 
If a solution of a cerous salt is treated with an excess of alkali hydroxide and chlorine 
gas is led through the solution, the white cerous hydroxide, Ce(OH)8, which forms 
when the solution is made basic, is changed to light yellow ceric hydroxide, Ce(OH) 4 . 
The precipitate of ceric hydroxide dissolves in nitric acid yielding a red solution, 
but when acted upon by hydrochloric acid, colorless cerous chloride is formed and 
chlorine is evolved as a result of the oxidation of some of the hydrogen chloride. 

The normal potential corresponding to the reaction Ce^'^"’’ = Ce'*"*"’"'" -f e is 
+1.46 volts. If we compare this with the reaction Mn"^"^ + 4HjO » Mn 04 " + 
8H+ + 5e which has a normal potential of +1.52 volts and with the reaction 2Cr++'^ 
+ 7 H 2 O = CraO?”" + 6e which has a normal potential of +1.3 volts, we see that 
ceric sulfate is a stronger oxidizing agent than potassium dichromate and is nearly 
as strong as potassium permanganate. Ceric sulfate solutions are less sensitive to 
hydrochloric acid than are solutions of potassium permanganate, and there is but 
one possible reduction product. The oxidation potential varies with the char- 
acter of the anion present. The above value 1.45 holds in sulfate solutions. It is 
1.28 in chloride solutions, 1.61 in the presence of nitrate, and 1.70 for perchlorate. 
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A possible explanation is that the ceric ion is not present as such but in the form of a 
complex ion. 

Were it not for the fact that ceric salts are much more expensive than equivalent 
quantities of permanganate, doubtless the use of these salts as oxidation agents 
would be far more prevalent. On the other hand, the cost of the reagent is by no 
means prohibitive, and it is already being used widely. Like permanganate and 
unlike potassium dichromate, the ceric salt is not suitable for use as a primary stand- 
ard or, in other words, a standard solution cannot be obtained by weighing out an 
exact quantity of ceric sulfate.^ The reagent should be prepared by dissolving approxi- 
mately the proper quantity of ceric salt, and the solution should then be standardized 
by titration against sodium oxalate or a solution containing ferrous salt. 

Ceric solutions, like those of potassium permanganate, can serve as their own 
indicators for the titration of colorless solutions, but the color change is not so marked 
and it requires a little more of the ceric solution to impart a perceptible tint to the 
fully titrated solution. The color change is more noticeable in hot solutions than in 
the cold. In the titration of ferrous salts with ceric sulfate it is best to add phosphoric 
acid to form the colorless ferric acid phosphate complex and to use ferrous ortho- 
phenanthroline as indicator. Diphenylamine sulfonic acid, diphenylbenzidine, 
and some similar organic compounds can also be used as indicators. These indicators 
form oxidation products which have colors easily distinguishable from the colors of the 
unoxidized compounds, and the oxidation-reduction potential is such that the organic 
compound is not oxidized until after practically all the substance being titrated has 
entered into the reaction; in other words, the color change takes place when the 
desired oxidation of the substance being analyzed has been completed. 

In some reactions which take place readily with permanganate, a catalyst must be 
used with ceric solution. Thus the titration of oxalate is best accomplished with 
iodine monochloride, ICl, as catalyst, and the oxidation of arsenite can be catalyzed 
with OSO4. 

To prepare the iodine monochloride solution, dissolve 0.1395 g KIOs and 0.0890 g 
KI in 125 ml of water and at once add 125 ml of concentrated HCl. Cool to room 
temperature, add 5 ml of CHCI3, and titrate carefully either with 0.1 KIOs or KI 
until the chloroform layer shows only a very faint iodine after vigorous shaking in a 
glass-stoppered bottle. For 100 ml of solution to be titrated with Ce (804)2, add 
2.5 ml of this solution and 1 drop of ferrous phenanthroline indicator solution. 
Diphenylamine sulfonate indicator can also be used. 

Preparation of 0.1 iV Ceric Sulfate Solution^ 

Ceric sulfate solutions can be prepared by digesting the oxide, Ce02, 
with strong sulfuric acid at 125° or higher, cooling, and diluting. The 
solution after being diluted should be 1-2 iV in sulfuric acid. Ceric 
oxide of suitable purity can be purchased as such, or it may be made by 
igniting cerous oxalate, which is one of the cheapest cerium salts, to 
600-625° for about 10 hours. 


1 The compound (NH4)2Ce(NOs)6 has been recommended as a suitable standard 
in oxidimetry. Smith, Sullivan, and Frank, Ind. Eng. Chem.y Anal. Ed.j 8, 449 (1936). 

* Willard and Young, J. Am. Chem. Soc.^ 60, 1322, 1334, 1372 (1918). Willard 
and Furman, Elementary Quantitaiive Analysis. 
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It is far more convenient to use pure ceric ammonium sulfate, 
Ce(S04)2'2(NH4)2S04*2H20, which can be purchased from dealers 
in chemicals and has the high molecular weight of 632.5. Weigh out 
approximately 65 g of the salt, add 500 ml of 2 AT sulfuric acid, and stir 
till all the solid has dissolved. Dilute to about 1 1, mix well, and keep 
in a glass-stoppered bottle. 

Standardization. Sodium oxalate, arsenic trioxide, or iron wire can be used for 
standardization. The reactions with oxalate and trivalent arsenic are slow, and the 
presence of a catalyst is desirable. For this purpose a little iodine monochloride is 
recommended for the oxalate titration and some osmium tetroxide, OSO 4 , for the 
arsenite (3 drops of a solution obtained by dissolving 0.25 g OSO 4 in 100 ml of 0.1 A 
H2SO4). 

(a) Against Arsenic Trioxide, Weigh out 0.15-0.22 g of pure AS2O3 
into a 250-ml Erlenmeyer flask, add 15 ml of 2 AT NaOH, and heat 
gently to hasten the dissolving. When all the white powder has dis- 
solved, cool to room temi)eratiire; add 25 ml of GiV H2SO4, 3 drops of 
0.01 M OSO4 solution (see above), and 1 or 2 drops of ferrous phenan- 
throline indicator (1.5 g of o-phenanthroline monohydrate in 100 ml of 
freshly prepared 0.025 M ferrous sulfate solution). Titrate with 
approximately 0.1 A^ ceric ammonium sulfate solution until the reddish 
orange color of the indicator changes to colorless or very pale blue. 

(5) Against Pure Iron, Weigh out accurately duplicate portions of 
about 0,25 g of iron wire (specially prepared for standardization) into 
100-ml beakers; add to each 5 ml of water and 10 ml of concentrated 
hydrochloric acid. Heat gently until all the metal has dissolved. 
Unless particular precautions are taken to avoid oxidation (see p. 539) 
the solution will show a slight yellow color, due to the formation of a 
little ferric chloride as a result of atmospheric oxidation; hydrochloric 
acid alone can only oxidize iron to the ferrous state. To convert all 
the iron to the ferrous condition, carefully add stannous chloride solu- 
tion (see p. 545) until the hot solution no longer shows any yellow color, 
but avoid adding an excess of the reagent. Cool by placing the beaker 
in running water, transfer to a 400-ml beaker, dilute to 150 ml, and add 
10 ml of mercuric chloride solution (cf . p. 545) . A white, silky precipitate 
of mercurous chloride should be formed. If the precipitate is dark in 
color or is bulky, it is best to throw the solution away and start again. 
To the ferrous solution add 10 ml of phosphoric acid, d 1.37, and 0.3 ml 
of 0.01 M diphenylamine sodium sulfonate. (To prepare this indicator 
solution, dissolve 0.32 g of the barium salt in 100 ml of water, add 0.5 g 
of solid sodium sulfate, stir well, and allow the barium sulfate precipitate 
to settle. Decant off the clear solution.) One or two drops of ferrous 
o-phenanthroline indicator solution can be used instead of the diphenyl- 
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amine sulfonate. Titrate with the ceric sulfate solution until the solu- 
tion assumes a distinct purple tint. The reaction between the indicator 
and the ceric sulfate is rapid but not instantaneous; the reagent should 
be added slowly toward the last. 

Fe++ + Ce++++ Fe+++ + Ce+++ 

Determination of Iron in an Iron Ore 

Dissolve 0.25-0.30 g of the powdered ore by heating gently with 20 ml 
of 6 iV hydrochloric acid exactly as described on p. 581. After the reduc- 
tion with stannous chloride and treatment with mercuric chloride, 
add 10 ml of phosphoric acid, d 1.37, and 0.3 ml of 0.01 M diphenyl- 
amine sodium sulfonate indicator solution. Titrate with ceric sulfate 
solution as just described for the standardization of the solution against 
pure iron. 

Ceric sulfate can be used for many other oxidations. It oxidizes 
hydrogen peroxide, nitrous acid, hydrazine, hydroxylamine, hydrazoic 
acid, tartaric acid, oxalic acid, anthracene, sodium thiosulfate, sulfurous 
acid, and hypophosphorous acid as well as many other substances. 
Some of these reactions can be utilized for various titrations. Thus the 
oxidation of the oxalate ion can be used not alone for standardizing the 
ceric solution but also for determining cations like calcium, strontium, 
and lead which form insoluble oxalates. All the filtered precipitates 
yield oxalic acid, when digested with dilute acid, and the oxalic acid can 
be titrated with ceric sulfate. 

Oxidation-Reduction Indicators 

In the sections on potassium dichromate and ceric sulfate methods, the use of 
oxidation-reduction indicators (or redox indicators, as they are sometimes called) 
was advocated. Their action is in many respects comparable to that of acid-base 
indicators. The oxidation-reduction indicators are organic compounds which 
change color when oxidized or reduced. This change in color takes place at definite 
oxidation potentials. The indicator reaction can be expressed by the reversible 
equation 

lox Ibjbh 

where lox represents the oxidized form and /Red is the reduced form. The action of 
the indicator does not depend upon the specific nature of the oxidant or reductant 
but upon the relative oxidation potentials of the indicator and of the system titrated. 
Thus, for titrations of a ferrous salt with ceric sulfate, the indicator used should be 
chosen so that the indicator will not change color until all the ferrous salt has been 
oxidized, and the oxidation potential of the indicator reaction must lie between that 
of the ceric sulfate and that of the ferrous solutions. The oxidation-reduction 
indicators which are most used in common titrations are diphenylamine, diphenyl- 



OXIDATION-REDUCTION INDICATORS 


639 


benzidine, diphenylamine sulfonic acid, and phenanthroline-ferrous ion. Quite a 
numte of other substances have been proposed and are now being studied. 

Diphenylamine and diphenylbenzidine have been used widely. Both these com- 
pounds are sparingly soluble in water, and the indicator solutions are prepared by 
dissolving 1 g in 100 ml of concentrated sulfuric acid. A few drops of either solution 
suffices for a titration in a volume of 200-300 ml. Upon oxidation, diphenylamine, 
CeHj-NH CgHs, is changed to diphenylbenzidine, (C6n6 NlI C8H4),. This reaction 
is not reversible, and both substances are colorless. Diphenylbenzidine is oxidized to 
a violet oxidation product called diphenyllienzidine violet, 

C«II*N :C8H4 :C«H4 iNCeH, 

The normal oxidation potential of this reaction is +0.76 volt. These indicators 
can be used in titrations with permanganate, ceric sulfate, dichromate, and vana- 
date against ferrous sulfate, but the diphenylbenzidine violet is not stable toward 
oxidizing agents and is slowly but irreversibly oxidized further. The slight solubili- 
ties in water and the fact that they cannot be used in the presence of tungstate are 
handicaps. On the other hand, diphenylamine sulfonate is much more soluble in 
water and can be used in the presence of tungstate. 

Diphenylamine sulfonic acid (cf. p. 678) gives a green color with ferrous salts which 
is probably caused by a combination of unoxidized diphenylamine sulfonic acid with 
some of the violet oxidation product. The violet color does not appear until all 
ferrous salt is oxidized. The oxidation of the indicator requires an appreciable 
quantity of 0.01 N oxidant, but the indicator correction is small in the case of 0.1 N 
solutions. The color change in titrating ferrous salts is sharp, but the reddish oxida- 
tion product is slowly decomposed on standing and the tint does not increase upon 
addition of excess oxidant. The color change is explained as in the case of diphenyl- 
benzidine (see above). 

Phenanthroline-Ferrous Ion. The organic base o-phenanthroline, CijIIsNa, 
dissolves easily in solutions of ferrous salts forming a red complex cation 
Fe(Ci2H8N2)3^'^ of an intensely red color; strong oxidizing agents convert this ion to 
pale blue Fe(Ci2H8N2)3'^^^. The ferrous complex is decomposed slowly by strong 
acids or by salts of Co+^ Cu++, Ni++, Zn++ or Cd++ which also form complexes with 
phenanthroline. The blue oxidized form resists further oxidizing action. The color 
change of red to blue is reversible. To prepare the indicator solution dissolve 1.48 g 
of o-phenanthroline in 100 ml of 0.025 N ferrous sulfate solution. The indicator can 
also be purchased under the name Ferroin. The color change takes place when 90 per 
cent of the indicator has been oxidized and the oxidation potential is about 1.20 volts, 
which is much higher than in the case of the above-mentioned indicators. This 
indicator is very useful in titrations with ceric sulfate of solutions containing ferrous 
iron, ferrocyanide, vanadyl salt, etc., but with dichromate titrations the diphenyl- 
amine sulfonate is better. The present cost of o-phenanthroline is about$2.00agram. 



CHAPTER XVI 
REDUCTION METHODS 
1. Determination of Ferric Iron (Fresenius)^ 

Strictly speaking, all the iodimetric methods in which a reduction is 
accomplished with potassium iodide and acid, are reduction methods. 

In methods thus far discussed, except in iodimetry, it was necessary to 
reduce the iron to the ferrous condition before it could be determined 
volumetrically. In the following method, first suggested by Penny and 
Wallace,^ but improved by Fresenius, the iron in the ferric condition 
may be determined with accuracy and rapidity. 

The hydrochloric acid solution containing ferric chloride is titrated 
hot with stannous chloride solution until the former becomes colorless. 
By this means the ferric salt is reduced to ferrous salt : 

2FeCl3 + SnClz = SnCU + 2FeCl2 

Inasmuch as it is not very easy to determine the end point with 
accuracy, because the last part of the iron is reduced very slowly, it is 
customary to run over the end point and to titrate the excess of the 
stannous chloride with iodine solution. 

Solutions Required. 1. A Ferric Chloride Solution Containing a Known Amount 
of Iron. Dissolve exactly 10.03 g of pure iron wire in 150 ml of 6 N hydrochloric 
acid in a long-necked flask held in an inclined position; oxidize the iron with potas- 
sium chlorate, and boil off the excess of chlorine. Transfer the ferric chloride 
solution to a liter flask and dilute to the mark with water; 50 ml of this solution 
contains 0.5 g of pure iron.® 

2. A Stannous Chloride Solution. Heat 25 g of tinfoil in a covered porcelain 
dish for 2 hours on the water bath with 50 ml of 8 hydrochloric acid and a few 
drops of chloroplatinic acid to form a Pt-Sn couple which helps dissolve the tin. 
Add 150 ml more of hydrochloric acid and an equal volume of water, filter, and 
dilute to 1 1. As stannous chloride is oxidized by contact with the air, keep the 
solution in a flask which on one side is connected with the buret as shown in Fig. 
81, p. 485, and on the other side with a Kipp carbon dioxide generator. 

3. An Iodine Solulionf Approximately Tenth-Normal. 


^ Z. anal. Chem.^ 1, 26. 

• Dinglers Polytech. J., 149, 440. 

• The assumption being made that the iron wire contained 99.7 per cent pure iron. 

640 
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(а) Standardization of the Solutions. First titrate the stannous 
chloride and iodine solutions against each other. Measure out 2 ml 
of the former with a pipet, dilute to about 60 ml, add a little starch 
solution, and titrate the mixture with iodine until a blue color is obtained. 

Next, titrate 50 ml of the acid ferric cliloride solution against the 
stannous chloride solution. 

(б) Determination of Iron in Hematite. Roast 5 g of the finely divided 
ore at a dull red heat to destroy any organic matter which may be present, 
place the powder in a long-necked flask, and heat with 25 ml of concen- 
trated hydrochloric acid and a little potassium chlorate until all the iron 
oxide is dissolved, leaving a white sandy residue. Add 20 ml more 
of hydrochloric acid and continue the boiling, while passing a current 
of air through the solution, until all the excess of chlorine is completely 
removed and the escaping vapors will no longer set free iodine when 
passed into a potassium iodide solution. Dilute the solutio*n thus 
obtained to exactly 500 ml and use 50 ml for the analysis. 

Example 

1. Standardization of the Reagents: 

2 ml of stannous chloride solution requires 7.2 ml of iodine 


solution. 1 ml iodine solution = 0.278 ml SnCla 

' 50 ml ferric chloride solution ( = 0.5 g iron) requires for de- 

colorization 30.34 ml SbCla 

and for the titration of the excess 0.51 ml of iodine solution 

= 0.51 X 0.28 0.14 ml SnCla 


Consequently, 50 ml ferric chloride solution = 0.5 g iron = 30.20 ml SnCla 

and 1 ml SnCI, = = 0.01656 g Fe. 


2. Titration of the Solution to Be Analyzed: 

50 ml ( = 0.5 g of iron ore) requires 18.96 ml SnCla 

and for the titration of the excess, 0.64 ml of iodine = 0.64 X 

0.28 = 0.18 ml SnCla 

so that 0.5 g of ore corresponds to 18.78 ml SnCla 

and contains, therefore, 18.78 X 0.01656 = 0.3110 g Fe =* 62.20% Fe 


2. Determination of Tin by Ferric Chloride^ 

This method is suitable for determining tin in tin-plating baths. It 
is included here because it is the reverse of the procedure just described. 

Principle. When a ferric chloride solution is added to a solution containing 
stannous chloride it is decolorized, then a pale greenish ferrous solution is obtained, 


* Method of O. Meister. 
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and finally, when an excess of ferric chloride is present, a yellowish tint is easily 
recognized as the end point. If, when the titration is made in this way, so much 
pale green ferrous salt is formed that the end point is hard to recognize, this difficulty 
can be overcome by first oxidizing the greater part of the tin with normal potassium 
chlorate solution. 


SnCh + 2FeCl8 =- SnCh + 2FeCla 
SSnCla + KClOa + 6HC1 - SHaO + KCl + SSnCU 

Requirements. 1. Normal potassium chlorate solution. Dissolve 20.43 g of 
pure potassium chlorate, dried at 120®, in a little water and dilute with water at 
20® to 1 1. 

2. Normal ferric chloride solution. Dissolve 56 g of pure iron in 600 ml of 6 
hydrochloric acid. Heat toward the last, and gradually introduce 20 g of potassium 
chlorate. Boil till all the excess chlorine is removed, dilute to about 900 ml, filter 
if necessary, and dilute to exactly 1 1 at 20®. 


Standardization of the Ferric Chloride Solution and Simultaneous 
Determination of the Tin Content of a Solution. Transfer 25 ml of the 
tin solution, which should contain about 30 g of tin in 300 ml of 6 iV 
hydrochloric acid, into a 200-ml flask held in an inclined position. Add 
0.3 g of aluminum powder, which will cause the precipitation of metallic 
tin. After the evolution of hydrogen ceases, add 20 ml of concentrated 
hydrochloric acid, place a small funnel in the neck of the flask, and heat 
till all the tin is dissolved again. Rinse out the funnel and the neck of 
the flask with hot water and run in ferric chloride solution from a buret 
into the boiling solution until the greenish yellow end point is obtained. 
Call the volume of ferric chloride solution T. 

Reduce another portion of the tin solution in exactly the same 
way but instead of adding ferric chloride solution, first oxidize the 
greater part of the tin with i ml of A potassium chlorate solution 
and finish with U ml of the ferric chloride solution. Evidently T — h 
ml of the ferric chloride solution is equivalent to ^ ml of A potas- 

t 

sium chlorate and 1 ml of FeCU solution = — = / ml of A solution 

1 — h 

= / X 0.05936 g of Sn. The tin content of the original solution is then 


r X / X 59.35 


g Sn per liter 


25 
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3. Determination of Ferric Iron by Means of Titanous Chloride 
(Knecht and Hibbert)^ 

Fe 

1000 ml of 0.1 N TiCls solution - — - 5.585 g Fe 

Principle. If an acid solution of a ft^rric salt is treated with titanous chloride, 
the iron is immediately reduced in the cold to the ferrous condition: 

FeCls + TiCls - TiCh + FeCh 

Preparation of Titanous Chloride Solution. A concentrated solution 
of titanous chloride, prepared by the electrolysis of TiCU, can now 
be obtained on the market. To such a solution add an equal volume of 
concentrated hydrochloric acid, boil to expel any hydrogen sulfide, and 
dilute with 10 times as much boiled water. 

Preserve the solution in contact with an atmosphere of hydrogen, 
or carbon dioxide, in a bottle such as is shown in Fig. 81, p. 485, which 
is connected with a buret, and in this case with a Kipp hydrogen, or 
carbon dioxide, generator instead of the soda-lime tube. 

Standardization of the Titanous Chloride Solution. Prepare a ferric 
chloride solution of known strength as described on p. 640, and of this 
solution measure out 50 ml into a beaker, and slowly add the titanium 
trichloride with constant stirring, while a current of carbon dioxide 
is constantly being passed into the beaker. After the solution is nearly 
decolorized, introduce a drop of potassium thiocyanate solution, and 
continue the adding of titanous chloride to the disappearance of the red 
color. 

The analysis proper is carried out in exactly the same manner. 

4. Determination of Ferrous and Ferric Iron by the Titanium Method 

First titrate the ferrous iron with permanganate in the presence of 
manganous sulfate (cf. p. 545), and then determine the total iron with 
titanous chloride. 

The method can be carried out very rapidly, and the results are 
accurate. 

6. Determination of Hydrogen Peroxide* 

If titanous chloride is run into an acid solution of hydrogen peroxide, 
the latter is colored first yellow, then a deep orange, and as soon as the 

1 Ber., 36 , 1551 (1903). TiCU is a very efficient reducing agent and has been 
used for many determinations. Cf. Knecht and Hibbert, N ew Reduetton Methods 
in Volumetric Analysis^ Longmans, Green & Co. 

* Knecht and Hibbert, loc. cit. 
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maximum depth of color is produced, it begins to fade upon the further 
addition of titanous chloride until finally the solution becomes colorless, 
which is taken as the end point. 

The reaction takes place in two stages : 

2TiCl3 + 3 H 2 O 2 + 2 H 2 O = 2H2Ti04 + 6HC1 

H2Ti04 + 2TiCl8 + 6HC1 = STiCU -f 4 H 2 O 


or combining the two equations: 

2TiCl3 + H 2 O 2 -h 2HC1 = 2TiCl4 + 2 H 2 O 


On account of the fact that the reducing value of the titanous chloride 
solution is not very permanent, it should be standardized against ferric 
chloride before each series of experiments. 

If t ml of titanous chloride solution of which 1 ml = a g Fe was 
required for the reduction of 1 ml of hydrogen peroxide, then 


34.02 X at 
111.7 


g H 2 O 2 is present = 30.46 at per cent H 2 O 2 


If it is desired to express the percentage in percentage by volume of 
active oxygen (cf. p. 562) the following equation holds: 

10030 • at = per cent oxygen by volume 

According to Knecht and Hibbert,^ persulfuric acid may likewise be 
estimated by titration with titanous chloride. The solution of the per- 
sulfate is treated with titanous chloride solution, and the excess of the 
latter is titrated with ferric chloride in an atmosphere of carbon dioxide. 


6. Determination of H 3 rpochlorous Acid by Means of Arsenious Acid 

1 1 of 0.1 A NasHAsOs solution = 3.546 g chlorine 
(a) Method of Penot^ 

On adding an arsenite to a solution of a hypochlorite, the former is 
oxidized to arsenic acid, while the latter is reduced to chloride : 

has03”'+ CIO' = has 04"“ + cr 

The end point is reached when a drop of the solution added to a 
piece of iodo-starch paper will cause no blue coloration. 

Alkali hypochlorites and chloride of lime may be analyzed by this 
method, and the results obtained are more reliable than those obtained 


» Knecht and Hibbert, Ber., 38, 3324 (1905). 
* J. praki. Chem., 64, 59 (1851). 
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by the iodimetric method described on p. 601, for the presence of 
chlorate has no effect in this case. 

(b) Method of Pontixis 

1 1 of 0.1 N KI solution = 2.767 g KI = 3.546 g of chlorine 

This method is useful for the determination of the available chlorine 
in bleaching powder and depends upon the fact that potassium iodide 
is immediately oxidized to iodate by contact with bleaching powder in 
the presence of sodium bicarbonate solution. 

3CaOCl2 + KI = KIO3 + 3CaCl2 

If potassium iodide solution is added to sodium bicarbonate solution 
containing bleaching powder and starch paste, a permanent blue color 
will not be obtained until all the bleaching powder has been decomposed. 
Then free iodine is formed and the end point is reached. 

lOa' + 51" + 6Ca-H- + 6HCO3” -> OCaCOg + 3H2O + Sla 

From these equations it is clear that in this procedure the normal solu- 
tion of potassium iodide contains only 34 mole of the salt instead of 
1 mole. 

Procedure. Triturate 7.092 g of chloride of lime in a porcelain 
mortar with a little water, rinse into a liter measuring flask, and fill 
to the mark with water. Mix thoroughly and without allowing any of 
the precipitate to settle, transfer with a pi pet 50 ml of the liquid to 
a beaker, add 3 g of sodium bicarbonate, and titrate with A^/10 po- 
tassium iodide until a permanent blue is obtained with starch paste as 
indicator. In this case the volume of iodide used is the same as the per- 
centage of available chlorine in the sample. 

Remark. Pontius recommends standardizing the potassium iodide solution aa 
follows: Titrate 50 ml of the chloride of lime suspension as above and another 
portion with 0.1 arsenite solution by the preceding method of Penot. 
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PRECIPITATION METHODS 
1. Determination of Silver. Method of Gay-Lussac 

This exceedingly accurate determination, which is extensively used 
for testing silver alloys, depends upon the precipitation of silver chloride 
from nitric acid solution. Common salt is used as the precipitant. 

Solutions Required. 1. Sodium Chloride Solution of Known Concentration. 
For convenience, it is customary to make the solution of such a strength that 1000 
ml corresponds to exactly 5 g of silver. To help in getting the end point, however, 
0.1 per cent less than the theoretical quantity is used. Weigh out 2.710 g of chem- 
ically pure salt, dissolve in distilled water, and dilute to 1 1 at 20®. 

2. Decimal Solution of Sodium Chloride, Dilute 100 ml of the above solution 
with distilled water to 1 1. 

In laboratories where silver determinations are frequently made, the above solu- 
tions are made up in much larger quantities and kept in bottles similar to the one 
shown in Fig. 81, p. 485. For the stronger solution use a 100-ml pipet and connect 
the decimal solution with a buret. 

Standardization of the Sodium Chloride Solution. Weigh out exactly 
0.5 g of chemically pure silver into a 200-ml flask provided with a 
well-ground glass stopper, and dissolve in 10 ml of 6 V nitric acid, 
free from chlorine. Hasten the dissolving by heating on a sand bath. 
When the silver has dissolved, heat the solution to boiling to expel 
the nitrous acid formed. Remove the brown vapors by blowing air 
into the flask. As soon as no more of these are formed, remove the 
flask from the sand bath and allow to cool. To the silver solution add 
exactly 100 ml of the stronger salt solution, stopper the flask, and 
shake vigorously until the precipitated silver chloride collects together, 
and the supernatant liquid appears clear. 

As the salt solution was made up a little weak, the precipitation of 
the silver is not quite complete and consequently more sodium chloride 
must be added. For this purpose add half a milliliter of the decimal 
salt solution from the buret, so that the solution runs down the sides 
of the flask upon tlie surface of the liquid, causing a distinct cloud of 
silver chloride to be formed. Shake the liquid, allow the precipitate 
to settle, again treat with half a milliliter of the decimal salt solution, 
and repeat the process until finally the addition of the salt solution fails 

646 
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to produce any further turbidity; the last half cubic centimeter is not 
used in the calculation. 

Example. 0.5 g of chemically pure silver J888 fine) required 100 ml of the 
standard salt solution -f- 1 ml of the decimal solution, i.e., 100.1 ml of the salt 
solution corresponds to 1000 silver;* this is the value of the salt solution. 

Silver Determination. To obtain absolutely accurate results it is 
necessary to employ the same amount of silver for the analysis as was 
used in the standardization of the solution; consequently the approxi- 
mate amount of silver present in the alloy must be determined. This 
can be accomplished by cupellation, or volurnetrically by the method 
of Volhard, described further on. 

Example. It was found by cuiwllation that an alloy contained about fine 
silver; for the titration an amount must be taken which will contain 0.5 g of silver; 
we have then, 0.5/0.<S = 0.625 g. 

Weigh o\it, therefore, 0.625 g (= 1250) of the alloys and proceed exactly as in 
the standardization. 

For the precipitation of the silver, 1250 parts of alloy requires 100 ml 
of the standard salt solution + 3 ml of the decimal solution, i.e., 1250 
parts of the alloy r(Hiuir(\s 100.3 ml of the standard salt solution. Since 
100,1 ml of this salt solution corresponds to 1000 parts of pure silver, 
, 1000 X 100.3 . 

there must = 1002 parts silver in 1250 parts of alloy; 

1002 X 1000 

so that in 1000 parts of the alloy there will be — = 801.6 

J Zoi) 

parts of silver. 

This procedure is designated as the French method in contrast to 
the German or Dutch method. In the latter case, 0.5 g of the alloy 
(= 100) is weighed out and the same amount of silver is added which 
the alloy lacks in fineness. In this way one more weighing is necessary, 
but the calculation is somewhat simpler. 

Example. By cui)ellation an alloy is found to contain silver. In order 

to make the silver equal 1000, 200 parts of fine silver must be added. For the 
analysis, therefore, 0.5 g of the alloy and 0.1 g of pure silver (= 200) are taken 
dissolved in nitric acid, and titrated with sodium chloride. 

2. Determination of Silver. Method of Volhard 
llofO.lATKCNS = ^ = 10.79gAg 

If alkali thiocyanate is added to a solution containing both silver and 

1 For convenience in calculation, 0.5 g of pure silver is designated by 1000, 0.25 g 
by 500, and 0.1 g by 250, etc. 

» if 0.5 g = 1000, then 0.5 : 1000 = 0.625 :x; x = 1250. 
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ferric ions, white, insoluble silver thiocyanate will form preferably and 
a permanent red coloration of ferric thiocyanate will not be obtained until 
practically all silver is precipitated : 

CNS’ + Ag+->AgCNS 
3CNS" + Fe+++ -> [Fe(CNS)3] 

Requirements. 1. Tenth-Normal Potassium (or Ammonium) Thiocyanate Solution. 
As both these salts are hygroscopic and cannot be dried without decomposition, 
an exactly tenth-normal solution cannot be prepared by weighing out the solid salt. 
Dissolve approximately the right amount (about 10 g KCNS or 9 g NH4CNS) in a 
liter of water. 

2. Ferric- Ammonium Alum Solution. A cold, saturated solution of ferric alum 
to which enough nitric acid is added to cause the disappearance of the brown color. 
Use about 3.5 g of the alum, 10 ml of water, and 2 ml of 6 N HNOa. Of this indi- 
cator use the same amount for all titrations, about 2-3 ml for 100 ml of the silver 
solution. 


Standardization of Thiocyanate Solution 

Weigh out portions of about 0.4 g of pure silver nitrate and dissolve 
in 100 ml of 0.3 A nitric acid. Add 2-3 ml of indicator solution and 
titrate with thiocyanate solution to a permanent red tint in the solu- 
tion. Or dissolve 0.25-g portions of pure silver in 15 ml of 6 A nitric 
acid. Dilute to about 25 ml, boil till all nitrous fumes are expelled, add 
75 ml of cold water and the indicator solution, and titrate with thio- 
cyanate. 


Determination of Silver in Silver Alloys 

Dissolve 0.5 g of the brightly polished metal in 10 ml of 6 A nitric 
acid. After the silver has dissolved, dilute with 50 ml of water and 
boil to expel nitrous fumes.^ Cool, add 2-3 ml of the ferric alum solu- 
tion, and titrate with the thiocyanate solution as in the standardization. 
The presence of metals whose salts are colorless does not influence the 
accuracy of this determination, except that mercury must be absent 
because its thiocyanates are insoluble. Nickel and cobalt must not 
be present to any extent, because their salts are colored, and not more 
than 60 per cent of copper in an alloy is permissible. If more copper 
is present the following procedure must be used: Precipitate the silver 
by means of an excess of alkali thiocyanate, wash completely with water, 
place the funnel over an Erlenmeyer flask, break the apex of the filter. 


1 Nitrous acid reacts with thiocyanic acid, forming a red compound which may 
easily be mistaken for ferric thiocyanate. 



DETERMINATION OF MERCURY 


649 


wash its contents into a flask by means of concentrated nitric acid 
and heat the liquid to gentle boiling for three-quarters of an hour. 
As the sulfuric acid formed will have some effect upon the subse- 
quent titration, dilute the solution with water to about 100 ml, and add 
a concentrated barium nitrate solution, drop by drop, until all the sul- 
furic acid is precipitated. Then titrate the silver with thiocyanate 
solution without filtering off the barium sulfate. 

3. Determination of Mercury 

Mercuric thiocyanate, like silver thiocyanate, is so insoluble that the 
nitrate or sulfate solution can be titrated with standard thiocyanate 
solution using ferric alum as indicator. The method fails, however, 
when chloride is present because mercuric chloride is so slightly ionized 
that it does not react completely. This constitutas the principal 
reason why the method is not used in preference to other methods, 
because hydrochloric acid is commonly used in dissolving the sample 
and the complete removal of chloride without volatilization of any 
mercuric chloride is difficult. The titration gives excellent results in a 
nitrate or sulfate solution and can be carried out in the presence of lead, 
copper, bismuth, cadmium, tin, arsenic, antimony, thallium, iron, zinc, 
manganese, nickel, and cobalt. Mercurous salt, silver, and nitrous acid 
should be absent. 

Procedure. To the solution containing 0.05 to 0.3 g of mercury as 
sulfate or nitrate in a volume of about 100 ml, add nitric or sulfuric 
acid sufficient to make the .solution about 1.5 N in acid and, to make 
sure of the absence of nitrous acid or mercurous iron, add 5 per cent 
permanganate vsolution dropwise until a red color is produced, or a 
manganese dioxide precipitate is formed, which persists for 5 minutes. 
Destroy the excess permanganate, or dissolve the precipitate, by the 
addition of a very little ferrous sulfate or hydrogen peroxide. Titrate 
as described for the determination of silver but, as the color of ferric 
thiocyanate is noticeable before the end of the titration and disappears 
very slowly at the last, make sure that the solution is not under-titrated 
and that distinct red color persists after vigorous shaking or stirring. 

Prepare the standard solution of thiocyanate and the indicator 
solution of ferric alum as described under the determination of silver. 
It is best, however, to standardize the solution of thiocyanate by direct 
titration against 0.25-0.30 g of mercury that has been dissolved in hot 
6 N nitric acid and titrated under the conditions outlined above. 
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4. Determination of Chloride 

(a) Volhard’s Method 
Cl 

1 1 of 0.1 AgNOs solution = = 3.546 g chlorine 

According to Volhard^s original directions, the chloride solution was 
treated with 0.1 AT silver nitrate solution and then, without filtering 
off the precipitate, 2-3 ml of the ferric-ammonium alum solution was added 
and the excess of silver titrated with 0.1 iV potassium or ammonium 
thiocyanate (see p. 648). 

The results are satisfactory with large quantities of chloride, but in 
the titration of small quantities of chloride too high results are obtained, 
as was first shown by G. DrechseP and later confirmed by M. A. Rosa- 
noff and A. E. Hill.^ Drechsel showed that it was impossible to get 
the true end point of the reaction, as the red coloration gradually dis- 
appeared on stirring, remaining permanent only after a considerable 
excess of thiocyanate had been added. The reason for this is that silver 
chloride is more soluble than silver thiocyanate. Thus the precipitate 
gradually reacts with the red ferric thiocyanate, as follows : 

3AgCl + Fe(CNS )3 = 3AgCNS + FeCU 

Procedure. Weigh out accurately to four significant figures samples 
of about 0.2 g each. Dissolve in about 200 ml of water containing 5 ml 
of 6 A HNO3. In other beakers, dissolve about 0.8-g portions of pure 
AgNOa, also weighed to four significant figures. Dissolve the AgN03 in 
about 50 ml of hot water and pour the silver nitrate solution slowly, 
while stirring, into the hot chloride solution. Wash the beaked’s well to 
remove all AgNOa. Keep the solutions hot, but not quite boiling, until 
the silver chloride precipitate has coagulated sufficiently to be* filtered. 
Filter off the precipitate, and wash the beakers and precipitate with at 
least 6 portions of hot water. In washing the precipitate on the filter, 
make sure that the upper edge of the paper is washed each time; if the 
filter paper fits the funnel tightly at the top, no precipitate will 
pass into the filtrate. Finally, to make sure that all the excess silver 
nitrate has been removed, test about 5 ml of fresh filtrate with 
a few drops of 6 A HCl; no precipitate of AgCl should form. Add 
ferric alum indicator solution and titrate with standardized thio- 
cyanate solution. 


1 Z. anal Chem., 16, 351 (1877). 
* J. Am. Chem. Soc.j 29, 269. 
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The above prpcedure is equally applicable to the analysis of bromides, iodides, 
cyanides, and thiocyanates, all of which yield precipitates insoluble in dilute HNOj. 
When the above procedure is followed it is not absolutely necessiiry to filter off the 
precipitate before titrating. The error is sliglit if the silver chloride precipitate is 
well coagulated. 

Adsorption Indicators. Fajans and his collaborators^ have shown that silver 
halide precipitates, owing to their colloidal properties, tend to adsorb excess Ag+ 
or excess halogen ions from the solution with which they are in contact. The 
adsorbed Ag+ has the property of dragging down with it the anions of certain organic 
dyestuffs, which are of a feebly acidic natu re, and a change of color takes place as 
a result of the adsorption. Thus fluorescein in aqtieous solution has a yellowish 
green color. When silver chloride is formed in the presence of a very slight excess 
of Ag+, the anion of fluorescein is adsorbed and there is a change of color to reddish 
violet. If a very little of the indicator is present, the silver chloride precipitate 
assumes a reddish tint as soon as a very slight excess of Ag'^ is present. 

In the titration of CP with Ag good results arc thus obtained in neutral solutions 
with fluorescein as indicator. To prepare the indicator solution, dissolve 0.2 g of 
the sodium salt of fluorescein in 100 ml of water or dissolve 0.2 g of fluorescein itself 
in 100 ml of alcohol. Use about 2 drops of indicator solution for each 10 ml of 0.1 W 
chloride solution to be titrated with 0.1 A/^ .silver nitrate .solution. The results are 
accurate, even in the presence of considerable quantities of alkali cations, provided 
that the chloride solution is at lea.st 0.005 N in halogen ions. Alkaline-earth cations 
interfere somewhat. 

Bromides, iodides, and thiocyanates can be titrated in dilute .solutions, even in the 
presence of dilute nitric acid, when eosin is chosen as the indicator. ''IVo drops of 
the 0.5 per cent aqueous solution should be u.scd for each 10 ml of 0. 1 halide to be 
titrated. The silver halide precipitate becomes red at the end point. Eosin cannot 
be used for the titration of chlorides with silver nitrate becau.se the eosin is ad- 
sorbed and colors the silver chloride precipitate before the end point is reached. 
Fluorescein, on the other hand, can be used with chlorides, bromides, iodides, 
or thiocyanates. 

In the titration of silver solutions, there are two ways in which an adsorption 
indicator can be used. An excess of standard halide solution can be added and the 
excess titrated with standard silver nitrate solution using fluorescein or eosin as 
indicator, or a slightly basic indicator can be used such as “ rhodamine 6 G.” In 
this case the cations of the indicator are adsorbed by the precipitate as soon as a 
slight excess of Br“ has been added and a color change takes place with the precipitate 
assuming a bluish violet hue. Nitric acid can be present during this titration with 
the basic indicator provided that the concentration is not over 0.5 N in acid. 

A number of other organic dyestuffs can be used as adsorption indicators. Thus 
Kolthoff^ reports good results with “ tropeolin yellow 00,” “ bromophenol blue,” and 
“ metanil yellow ” in titrating dilute chloride solution with 0.1 N silver nitrate. 

1 Z. physik. Chem., 97 , 478 (1921) ; 106 , 255 (1923) ; Z. Elecirochem., 29 , 496 (1923) ; 
Naturwisa.f 11 , 165 (1923); Z. anorg. allgem. Chem.y 137 , 221 (1924). 

*Z. and. Chem.y 71 , 236 (1927). 
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A Partial List of Adsorption Indicators for Volumetric Precipitations* 


Titration 

of 

Titrating 

Ion 

Indicator 

Notes 

cr 

Ag+ 

Dichlorofluorescein 

pH > 4 

Br" 

Ag+ 

Eosin 

pH > 2 Best in acetic 
acid solution 

1“ 

Ag+ 

Eosin 

f Eosin is tetrabromo- 

SCN" 

Ag+ 

Eosin 

\ fluorescein 

CN" 

Ag+ 

Diphenylcarbazide 



Br~ 

Rhodamine 6 G 

In 0.5 N HNOa 

OH" 

Pb++ 

Fluorescein 

Quite sharp in 0.01 and 
0. 1 iV solutions 

Bor 1 

B4O7-J 

Pb++ 

Dichlorofluorescein 

Accurate in neutral solu- 
tion 

SO4- 

Pb++ 

Dibromofluorescein 

A better method is based 
on fractional precipita- 
tion f 


* Pierce aud Haeniecb, Quantilative Analysis. 

t See W. C. Schroeder, Ind. Eng. Chem., Anal Ed., 6, 403 (1933). and Sheen, Kahler, and Cline, ibid., 
f. 69 (1937). 


(5) Fr. Mohr’s Method 

If the neutral solution of an alkali chloride containing a few drops of 
potassium chromate solution Ls treated with silver nitrate solution, added 
from a buret, silver chloride is formed first, and any red precipitate of 
silver chromate disappears on stirring, on account of its reacting with 
chloride ions to form less soluble silver chloride. 

Ag 2 Cr 04 + 2NaCl = 2AgCl + Na 2 Cr 04 

When all the chloride is changed to insoluble silver chloride, the next 
drop of the silver solution will impart a permanent reddish color to the 
liquid. For small amounts of chloride in concentrated solutions this 
method gives very sharp results. If, however, the volume of the solu- 
tion is too large, the results are not very accurate. A blank experi- 
ment must always be made to see how much of the silver solution 
is necessary to produce the red shade used in the titration when no 
chloride is present, and this amount must be deducted from that 
used in the analysis. 

Remark. If it is desired to titrate free hydrochloric acid, first neutralize the 
solution. With colorless chlorides having an acid reaction (AlCls), treat the solution 
with an excess of neutral sodium acetate solution and then titrate. With 
colored metal chlorides, precipitate the metal with caustic potash or sodium 
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carbonate, filter, wash the precipitate, make the filtrate acid with acetic acid, 
and then titrate. 

The above procedure can be used equally well for the titration of 
bromide. The same is true of the Volhard method. 

5. Determination of Iodide 

Volhard^ s Method 

1 1 of 0.1 i\r AgNOs solution = ^ = 12.69 g iodine 

If silver iodide is produced in a solution of an iodide by the addition 
of silver nitrate, the precipitate will usually enclose a measurable 
amount of either the soluble iodide or the silver nitrate, so that the 
analysis cannot be accomplished in the same way as in the analysis 
of chlorides and bromides. 

Place the solution in a glass-stoppered flask, dilute to 200-300 ml, 
and add the silver solution with vigorous shaking until the yellow pre- 
cipitate collects together and the supernatant liquid appears colorless. 
As long as the solution appears milky the precipitation is not complete. 
Finally add a little more silver nitrate and again shake to precipitate 
any iodide in the pores of the silver iodide. Then add ferric alum solu- 
tion, titrate the excess of silver with potassium thiocyanate, and cal- 
culate the iodine from the amount of silver used. In this way Volhard 
obtained exact results. 

The ferric solution must not be added before the iodine is completely 
precipitated, because in acid solution it oxidizes the hydriodic acid with 
separation of iodine. Silver iodide, however, is without action on ferric 
salte. 

6. Determination of Cyanide. Method of Liebig 

KCN 

1 1 of 0.1 N AgNOa solution = — 13.02 g KCN 

o 

On adding silver nitrate solution, drop by drop, to a neutral or alkaline 
solution of an alkali cyanide, a white precipitate is formed when the two 
liquids first come in contact with one another, but on stirring it redis- 
solves owing to the formation of potassium silver cyanide: 

AgCN + CN" [Ag(CN)2]‘ 

As soon as all the cyanide is transformed into the silver cyanide com- 
plex anion, the next drop of the silver solution will produce a penna- 
nent turliidity; 


[Ag(CN)2]" + Ag+ 2AgCN 
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The titration reaction is, therefore, 

2CN- +Ag+->[Ag(CN)2]- 

lAg+ corresponds to 2CN", and the end point of the reaction is shown 
by the formation of a permanent precipitate as soon as more than lAg+ 
has been added for each 2CN“ ions. 

Prepare the alkali cyanide solution in a beaker, add a little potavssium 
hydroxide, and dilute to a volume of about 100 ml. Place the beaker 
on a piece of black glazed paper and titrate with constant stirring until 
the turbidity is obtained. 

For the analysis of free hydrocyanic acid, add an excess of potassium 
hydroxide solution and treat as above. 

The addition of 5 ml of 2 per cent potassium iodide solution slightly 
increases the sharpness of the end point in the above analysis. The 
precipitate then consists of silver iodide of which 1 molecule will dissolve 
in 2 molecules of potassium cyanide, just as silver nitrate does. The 
above procedure can be applied to any solution of alkali or alkaline- 
earth cyanide (the so-called free cyanide) but not to insoluble or complex 
cyanides. 


7. Determination of Chloride and Cyanide in the Presence 
of One Another 

First, determine the cyanide by the method of Liebig, and then add 
enough silver solution to convert all the cyanide and chloride into their 
silver salts. Make the solution acid with nitric acid, dilute with water 
to a definite volume, filter through a dry filter, and after rejecting the 
first runnings, use an aliquot part of the filtrate for the titration of the 
excess of silver by means of potassium thiocyanate, according to Volhard. 
The calculation of the cyanogen and chlorine is illustrated by the follow- 
ing example: 

Ten milliliters of the solution required for the production of a per- 
manent turbidity t ml of 0.1 iV silver solution. Then an excess of 
0.1 A silver solution was added (bringing the total amount used to T 
ml). The solution was acidified with nitric acid, diluted to exactly 
200 ml, filtered through a dry filter, and after the usual rejection of the 
first runnings the excess of the silver was titrated in 100 ml of the filtrate; 
this required h ml of 0.1 A potassium thiocyanate solution. Conse- 
quently the amount of cyanogen present is t X 0.005202 g, and the 
chlorine present amounts to [T — 2{t -f <i)]0.003546 g. 
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8. Determination of Potassium Cyanide in the Presence of Ferro- 
cyanide. Method of W. D. Treadwell^ 

In this determination the use of potassium iodide is necessary because 
of the appreciable solubility of silver cyanide in alkali ferrocyanide 
solution. 

Procedure. To one aliquot part of the solution add O.I g of potas- 
sium iodide, 2-3 ml of 0.1 caustic alkali solution or ammonium 
hydroxide, and titrate in a volume of about 100 ml with 0.1 silver 
solution till a turbidity forms. This gives the K('N content. 

To determine the ferrocyanide, remove the cyanide by heating 
another aliquot part of the original .solution under a good hood while 
introducing a stream of carbon dioxide. This requires about 30 minutes. 
Then titrate the ferrocyanide according to the directions on p. 564. 

9. Determination of Thiocyanic Acid. Volhard’s Method 

1 1 of 0.1 N AgNOs solution = — j---- = 5.909 g HCNS 

This is the reverse of the silver determination (p. 647). Add an 
excess of 0.1 A^ silver solution to the solution containing the thiocyanate, 
and titrate the exce.ss of silver with potassium thiocyanate solution, 
using ferric alum as indicator. 

10. Determination of Thiocyanic and Hydrocyanic Acids in the 

Presence of One Another 

Add enough potassium hydroxide to make the solution neutral, 
dilute to about 100 ml, and titrate the cyanogen by the method of 
Liebig (p. 653). Then, add an excess of silver solution, make acid with 
nitric acid, and titrate the excess of silver with pota.ssium thiocyanate 
in an aliquot part of the filtrate. 

11. Determination of Chloride, Cyanide, and Thiocyanate in the 

Presence of One Another 

In one portion determine the free cyanide according to Liebig. To 
a second portion add an excess of 0.1 N silver solution, make acid with 
nitric acid, filter, wash the precipitate with water, and titrate the excess 
of silver in the filtrate according to Volhard. Pierce the filter contain- 
ing the precipitate and transfer the latter by means of concentrated 
nitric acid to a flask and boil for three-quarters of an hour. By this 
means the cyanide and thiocyanate of silver go into solution, while the 


1 Z. anorg. Chem., 71, 219 (1911). 
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silver chloride remains undissolved. Dilute the solution to about 100 
ml, add enough barium nitrate to precipitate the sulfuric acid formed, 
and titrate the silver corresponding to the cyanide and thiocyanate with 
potassium thiocyanate without filtering off the silver chloride or barium 
sulfate. 

Computation. If ^ ml of 0.1 iV AgNOa were used in the first titra- 
tion, then 2t ml would be needed to precipitate all the cyanide. If T ml 
of 0.1 iV AgNOa were required to precipitate all the cyanide, thiocyanate, 
and chloride, and h ml of 0.1 KCNS were used in the last titration, 
then 

t X 0.005202 = g CN or « X 0.01302 = g KCN 

01 - 2t) X 0.005808 = g CNS or 0i - 2t) X 0.009718 = g KCNS 

\t - h) X 0.003546 g = Cl or (T - h) X 0.007455 = g KCl 

12. Determination of Sulfuric Acid by Benzidine Hydrochloride^ 

1 1 of 0.1 AT NaOH = 5^' = 4.904 g H 2 SO 4 

Benzidine, Ci 2 H 8 (NH 2 ) 2 , is a weak organic base. It forms stable salts with strong 
mineral acids, of which the sulfate is characterized by its slight solubility, particu- 
larly in water containing hydrochloric acid. The base itself is neutral toward phe- 
nolphthalein. The aqueous solutions of benzidine salts undergo hydrolysis and 
react as if the acid were free: 

Ci2H8(NH2)2-2HC1 + 20H- 201“ + Ci2lhiNU2)i + 2 H 2 O 

In other words, an aqueous solution of benzidine hydrochloride behaves like a mix- 
ture of hydrochloric acid and benzidine, and the amount of acid present may be 
titrated with alkali hydroxide, in the presence of phenolphthalein as indicator. 

There are two methods which have been used for the volumetric estimation of 
sulfuric acid by means of benzidine. Muller treated the neutral solution of the 
sulfate with a solution of benzidine hydrochloride of known acidity. 

Ci 2H«(NH2)2-2HC1 -h Na 2 S 04 = 2NaCl + Ci 2 H 8 (NH 2 ) 2 'H 2 S 04 

The precipitate of benzidine sulfate was filtered off and the filtrate titrated with a 
standard solution of alkali. The loss in acidity corresponded to the amount of 
sulfuric acid present. Raschig, on the other hand, recommends treating the neutral 
or acid solution of the sulfate with benzidine hydrochloride solution, filtering off 
the precipitated benzidine sulfate, washing it, and then suspending it in water and 
titrating the sulfuric acid with 0.1 A sodium hydroxide at 50°. 

Raschig prepares the reagent as follows: Triturate 40 g of benzidine with 40 ml 
of water and rinse the paste into a liter measuring flask with about 750 ml of water. 
Add 50 ml of concentrated hydrochloric acid and dilute to the mark. Shake well. 


iW. Muller, Rer., 35, 1587 (1902); MttUer and Durkes, Z. anal. Chem., 42, 477 
(1903); F. Raschig, Z. angew. Chem.^ 1903, 617 and 818; von Knorre, Chem. Ind., 
28, 2; and Friedheim and Nydegger, Z. angew. Chem.^ 1907, 9. 
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Soon the benzidine will all dissolve, forming a brown solution which may be filtered 
if necessary. To use as a reagent, dilute with 19 times as much water. 

Procedure. To the neutral or slightly acid solution of the sulfate, 
containing not more than 0.1 g of sulfate anions per 50 ml of solution, 
add the diluted benzidine solution in the cold, using 150 ml for each 
0.1 g of sulfate ions. A crystalline precipitate of benzidine sulfate forms 
at once, which can be filtered as follows after standing 5 minutes. 

Place a Witt perforated ixircelain plate in a funnel of 200-ml capacity. 
The diameter of the plate should be about 40 mm on the top. Place 
two pieces of filter paper on this plate, about 46 mm in diameter. Insert 
the funnel in a rubber stopper and place in a suction bottle. Moisten 
the filters with water, apply gentle suction, and press the papers to the 
sides of the funnel so that a tight pad is formed of about 3-mm depth, 
which will not allow precipitate to get by. Pour the supernatant liquid 
through this filter, rinse the precipitate and mother liciuor into the funnel, 
and drain. Wash with 15 ml of water added in small portions. Place 
the precipitate and filter, without the ix>rcclain plate, in an Erlenmeyer 
flask, add 50 ml of water, and shake the contents of the stoppered flask 
until a homogeneous paste is obtained. Remove the rubber stopper 
from the flask, rinse off with water, add a drop of phenolphthalein solu- 
tion, heat to about 50"^, and titrate with 0.1 A sodium hydroxide. When 
the end point is nearly reached, boil the liquid for 5 minutes, and then 
finish the titration. 

Remark, The method doe.s not give good results in the presence of ferric salts, 
but this difficulty can be overcome by reducing the ferric ion with hydrazine hydro- 
chloride. Not more than 10 moles of HCl, 15 moles HNOi, 20 moles HCjHiOi, 
5 moles alkali salt, or 2 moles ferric iron should be present to 1 mole of H2SO4. A 
satisfactory determination of the sulfur in pyrite can be made by dissolving 0.6 g 
of the sample according to the Lunge method (see “ Pyrite ”), evaporating off the 
nitric acid, taking up the residue in a little hydrochloric acid, diluting to 6(X) ml and 
using 100 ml for the treatment with benzidine hydrochloride. 

13. Determination of Sulfuric Acid (Hinman)^ 

1 1 of 0.1 JV NajS.O, = = 3.269 g H.SO, 

This method depends upon the fact that barium chromate is easily dissolved by 
dilute hydrochloric acid whereas barium sulfate is not; 1 1 of cold water dissolves 
about 2 mg of BaS04 and 3 mg of BaCr04, but the latter salt dissolves easily in 
acid because HCr04“ as an acid is comparable to H2COJ. If a solution of barium 

^ Am. J. Sci. and Arts, 114, 478 (1877). Cf. Andrews, Am. Chem. J., 2, 667 ; 
Pennock and Morton, J. Am. Chem. Soc., 1903, 2265; Bruhns, Z. anal. Chem.f 46 , 
573 (1906); Holliger, ibid., 19, 84 (1910), and M. Reuter, Chem. Ztg., 1898 , 357. 
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chromate in dilute hydrochloric acid is added in slight excess to a solution con- 
taining 804"“ ions, BaSOi is precipitated; then upon neutralizing the solution the 
remainder of the barium is precipitated as BaCr04, leaving 1 mole of CrOi"" in 
solution for each mole of SO4 originally present. After filtering, the dissolved 
chromium can be determined iodimetrically (p. 605). 

The method is rapid and capable of giving theoretical values in the analysis of 
sulfates containing less than 5 per cent of SO3. By slightly varying the conditions, 
however, the results are influenced and the most favorable conditions are not always 
the same for different sulfates. The method, therefore, is suitable for routine work, 
but is not theoretically perfect.^ 

The results are likely to be high if the barium chromate contains any water- 
soluble chromate. Since the solubility of barium chromate in hot water is appreci- 
able there will always be a positive error from this source, if the solution is filtered hot. 

The results will be low: (1) If there is any reduction of chromate other than the 
desired reduction with iodide; this may be caused by the presence of too much 
hydrochloric acid during the first precipitation. (2) If any other chromate is pre- 
cipitated with the barium chromate, such as basic ferric chromate. (3) If the solu- 
tion is not acid enough during the treatment with iodide, incomplete reduction may 
result. (4) If the solution is hot, or contains an insufficient amount of iodide, some 
loss of the iodine may take place. 

Prepare the barium chromate reagent by precipitating barium chloride with 
potassium chromate at the boiling temperature. Wash the precipitate with hot, 
dilute acetic acid and then with water till free from chromate. Dissolve 2-4 g of 
the dry salt in 1 1 of normal hydrochloric acid. One milliliter should precipitate 
0.63-1.3 mg of SOs. 

Procedure. If the solution of the sulfate is acid, nearly neutralize 
it with alkali hydroxide solution. Dilute with water until not more 
than about 5 mg of SOs is present in 100 ml. Heat to boiling and 
slowly add a slight excess of the barium chromate reagent. Boil for 
1 minute, or for 5 minutes if any carbonate was present. 

To the boiling solution cautiously add pure CaCOs in small portions 
until present in slight excess (use ammonia if iron, nickel, or zinc is 
present). Cool to room temperature and dilute to the mark in a 250-ml 
measuring flask. Mix thoroughly by pouring back and forth several 
times into a beaker which is dry at the start, filter through a dry filter, 
reject the first 20 ml and take 100 ml of the filtrate for the titration. 

Add 2-3 g of potassium iodide and 10 ml of concentrated hydro- 
chloric acid. Shake well and allow to stand 15 minutes. Then titrate 
slowly with 0.02 N sodium thiosulfate solution. 

Remark. When iron, nickel, or zinc salts are contained in the solution, the acid 
present cannot be neutralized with calcium carbonate, because these salts when 
boiled with calcium carbonate and a soluble chromate form insoluble basic chromates, 
so that too little chromic acid will be found in the filtrate corresponding to too little 


^ Imsome cases it is simplest to apply a correction factor. Thus Komarowsky, 
Chem.-Ztg.j 31, 498 (1907), deducts 0.3 ml from the final buret reading. 
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sulfuric acid. In such a case the neutralization is effected with ammonia, an excess 
being added, the solution boiled until the excess is almost entirely expelled and then 
filtered. 

14. Determination of Phosphoric Acid. Method of Pincus 

Principle. If a neutral solution, or one slightly acid with acetic acid, is treated 
with uranyl acetate, a greenish white precipitate of uranyl phosphate is formed: 

KH2PO4 -f U02(C2H302)2 = KC2H3O2 + IIC2HSO2 + UOaHPO« 

If at the same time ammonium salts are present, ammonium is contained in the 
precipitate : 

KH2PO4 + U 02 (C 2 H 802)2 + NH4C2H3O2 = 

KC2II3O2 + 2HC2H8O2 -f UO3NH4PO4 

The end of the precipitation can be determined by testing a drop of the solution 
on a porcelain tile with potassium ferrocyanide. A brown coloration is formed as 
soon as an excess of uranyl salt has been added. 

To precipitate the phosphoric acid completely, it is necessjiry to titrate in a boiling- 
hot solution. However, as a solution of calcium phosphate will become turbid on 
boiling, owing to the formation of secondary calcium phosphate (CaHP 04 ), it is 
best to precipitate the greater part of the phosphoric acid in the cold, then heat to 
boiling and complete the titration. 

Requirements. 1. Potassium Phosphate Solution. Dissolve 19.23 g (correspond- 
ing to 10 g PaOe) of pure monopotassium phosphate in 1 1 of water. 

Confirm the concentration of the solution by evaporating 50 ml to dryness in 
a large platinum crucible, igniting the residue over the full flame of a Bunsen burner 
and weighing as KPO3; also by precipitating another portion as magnesium ammo- 
nium phosphate and weighing as magnesium pyrophosphate. 

Fifty milliliters of the solution corresponds to 0.5 g P 2 O 6 and should yield 0.8315 g 
KPOs and 0.7839 g MgaPaOy. 

2. Calcium Phosphate Solution. Dissolve 5.461 g of Ca 3 (P 04 ) 2 , corresponding 
to 2.5 g P 2 O 6 , in a little nitric acid, dilute with water to a volume of 1 1, and test the 
copcentration of the solution by means of the molybdate method (p. 371). 

3. Uranyl Acetate Solution. Dissolve about 35 g of uranyl acetate in a liter 
of water. 

4. Ammonium Acetate Solution. Di.ssolve 100 g of pure ammonium acetate and 
100 ml of 6 iV acetic acid, in enough water to make 1 1 of solution. 

5. Potassium Ferrocyanide. The salt is used in the powdered form. 

Procedure 

(a) Standardization of the Uranium Solution 

To 60 ml of the potassium phosphate, or calcium phosphate, solution 
add 10 ml of the ammonium acetate solution; run in the uranyl acetate 
solution from a buret until a drop of the solution will show a brown 
coloration when treated with solid potassium ferrocyanide upon a 
white porcelain tile. Then heat the solution to boiling, when a drop of 
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it will no longer react with the ferrocyanide. To the hot solution add 
more of the uranium solution until the brown color is obtained once more. 

If, for the precipitation of the phosphoric acid contained in 50 ml of 
the potassium phosphate solution (0.5 g P 2 O 6 ), T ml of the uranium 

0.5 

solution was required, its concentration is g P 2 O 6 per milliliter. 

For the analysis of alkali phosphates, standardize the solution against 
the potassium phosphate solution, but for the analysis of an alkaline- 
earth phosphate use the solution of calcium phosphate. 

(6) Determination of Phosphoric Acid in Alkali Phosphate 

The solution to be analyzed should be of about the same concentra- 
tion as that of the potassium phosphate used for the standardization, 
and titrated in the same way. Phosphate solutions of different concen- 
trations give different results by the titration. 

(c) Determination of Phosphoric Acid in Calcium Phosphate 

Dissolve 0,25 g of calcium phosphate in dilute nitric acid, add am- 
monia until a permanent precipitate is produced, and redissolve this 
in a little acetic acid. Add 10 ml of the ammonium acetate solution, 
and titrate the solution with the standard solution of uranyl acetate. 

Remark. In the presence of iron and aluminum this method will not give accu- 
rate results because the phosphates of these metals are insoluble in acetic acid. In 
such cases, filter the turbid acetic acid solution and determine the phosphoric acid 
in the filtrate by the above titration. Ignite the precipitate consisting of iron and 
aluminum phosphates, weigh, and, if it amounts to less than 0.01 g, assume half its 
weight to be PaOs,' otherwise determine the phosphoric acid in the precipitate by 
the molybdate method. 


15. Determination of Nickel by Potassium Cyanide^ 

This method, which permits the volumetric estimation of nickel with 
speed and accuracy even in the presence of iron, manganese, chromium, 
zinc, vanadium, molybdenum, and tungsten, depends upon the fact 
that nickel ions react with potassium cyanide in slightly ammoniacal 
solution, to form a complex anion [Ni(CN) 4 ]~~: 

Ni(NH3)fiCl2 + 4KCN = K2[Ni(CN)4] + bNHs + 2KC1 

^ Cf . Campbell and Andrews, J. Am, Chem. Soc.^ 17 , 126 (1895) ; Moore, Chem. 
News, 72 , 92 (1895); Goutal, Z. angew. Chem., 1898 , 177; Brearley and Jarvis, 
Chem. News, 78 , 177 and 190 (1898); Johnson, J. Am. Chem. Soc., 29 , 1201 (1907); 
Campbell and Arthur, ibid., 80 , 1116 (1908); and Grossmann, Chem.-Ztg., 32 , 1223 
(1908). 
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If the solution of the nickel salt contains a precipitate of silver iodide, 
produced by adding a known amount of silver nitrate and a few drops 
of potassium iodide solution, the turbidity will not disappear until all 
the nickel has entered into reaction with the potassium cyanide. 

Agl + 2CN'' = K[Ag(CN)2] + r 

The titration is finished by adding just enough more silver nitrate to 
cause the precipitate of silver iodide to reappear. 

I~ + Ag+ = Agl 

Requirements. 1. A nickel solution of known content. Dissolve 10 g of pure 
nickel in 125 ml of 6 A nitric acid, boil off the nitrous fumes, and dilute with water 
to 1 1 at 20°. 

2. A silver nitrate solution. Dissolve 5 g of silver nitrate in water and dilute to 1 1. 

3. A 'potassium cyanide solution. Dissolve 15 g of pure^otassium cyanide and 
dilute to 1 1. 

4. A potassium iodide solution. Dissolve 10 g of potassium iodide in 100 ml of 
water. 

Standardization of the Potassium Cyanide Solution. To 10 ml of 

the nickel solution, accurately measured with a pipet, add ammonium 
hydroxide in slight excess, dilute to 100 ml, and add 0 drops of potassium 
iodide solution and about 1 ml of silver solution from a buret, noting 
the reading of the buret before adding the silver solution. From another 
buret, slowly run in potassium cyanide solution, with constant stirring, 
until the silver iodide precipitate dissolves. Then very carefully add 
silver nitrate solution until a permanent turbidity is formed and dissolve 
this by the careful addition of more potassium cyanide solution. Con- 
tinue in this way until 2 drops of the potassium cyanide solution suf- 
fice to dissolve the last silver iodide turbidity produced l)y adding the 
silver nitrate solution. Since the potassium cyanide solution decom- 
poses slowly, this titration must be made every day that the solution 
is used. 

Next determine the relative strengths of the silver solution and of the 
potassium cyanide solution. From a buret, add 30 ml of the potassium 
cyanide solution, neutralize with ammonia, dilute, add potassium iodide, 
and titrate in exactly the same way as just outlined. 

From this last titration in which a ml of silver nitrate was found 
equal to h ml of potassium cyanide, 1 ml of AgNOa solution = h/a ml 
of KCN solution. If T ml of potassium cyanide and t ml of silver nitrate 
were used in the titration of 10 ml of nickel solution (= 0.1 g Ni), then 

0.1 

T - {h/a)t 


1 ml of KCN solution ;= 


grams Ni 



662 


PRECIPITATION METHODS 


16. Determinatioii of Nickel in Solutions of Nickel Salts 

Procedure. To 100 ml of solution containing approximately 0.1 g of 
nickel, add ammonium hydroxide^ and continue exactly as in the above 
standardization with pure nickel solution. 

F. Sutton^ states that, instead of working with two solutions, equally 
reliable results can be obtained by using a potassium cyanide solution 
to which a little silver nitrate has been added. Thus, to the above 
solution of potassium cyanide there may be added about 0.50 g of silver 
nitrate which is first dissolved in water by itself. If this solution is 
used for titrating a nickel solution to which potassium iodide solution 
has been added, a precipitate of silver iodide is formed at once which 
increases at first on adding the potassium cyanide-silver nitrate solution 
until all the nickel is converted into potassium nickelocyanide, but the 
precipitate eventually disappears upon the further addition of the solu- 
tion. 

Remarks. Instead of titrating the pota^ium cyanide against a known nickel 
solution, the standardization may be accomplished with 0.1 iV silver nitrate solu- 
tion. In this case it is best to take as end point the formation of a slight turbidity 
on adding silver nitrate, rather than the dissolving of the precipitate with potas- 
sium cyanide. One milliliter of 0.1 AT silver nitrate solution = 0.01302 g of KCN = 
0.002934 g of Ni. 

The method can be carried out in the presence of most of the other elements 
of the ammonium sulfide group. If a clear solution is not obtained on adding 
ammonium hydroxide, the addition of ammonium chloride sometimes helps. If 
copper is present in amounts not exceeding 0.4 per cent, the copper will replace 
almost exactly three-quarters of its weight of nickel. If chromium is present, the 
dark color due to the presence of chromic salts may be obviated by adding to the 
original sulfuric acid solution a 2 per cent solution of potassium permanganate 
until a slight permanent precipitate of manganese dioxide is obtained, whereby the 
chromium is oxidized to chromic acid. Filter the solution, concentrate in a 400-ml 
beaker to about 60 ml, then treat with sodium pyrophosphate, as described below. 
The method is not applicable in the presence of considerable cobalt, which is betrayed 
by the dark color assumed by the solution upon the addition of potassium cyanide, 
but when the amount of the latter does not exceed one-tenth the amount of nickel 
present, the titration can be carried out successfully and the results represent the 
amount of nickel and cobalt present. 

Zinc causes trouble unless alkali pyrophosphate is added. The titration can be 
carried out in the presence of aluminum, iron, and manganese if citric or tartaric 
acid or sodium pyrophosphate is added. 

The temperature of the solution should not be much above 20°, for in hot solu- 
tions the results are not concordant. The quantity of ammonia present should not 
be too great, because there is a tendency for ammonia to impede the reaction if more 


^ If the addition of ammonia does nqt give a clear solution, a few cubic centi- 
meters of ammonium chloride solution should be added. 

* Volumetric Analyaiat 8th edition, p. 252. 
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than a slight excess is present. Potassium cyanide containing sulhde cannot be 
used; the reagent should be the purest obtainable. The results are accurate. The 
method has been modified so that it can be used to advantage for the determination 
of nickel in nickel steel. 

The following procedure is not applicable in the presence of copper or 
cobalt, both of which react like nickel with KCN, or in the presence of 
tungsten, which gives a turbidity of hydrated WO3 that interferes with 
the end point. 

17. Determination of Nickel in Nickel Steel 

Dissolve 1 g of steel in a casserole with 20 ml of 6 iV nitric acid, adding 
a little hydrochloric acid if necessary. (If much chromium is present 
use 20 ml of 9 H2SO4 and, later, 5 ml of concentrated nitric acid to dis- 
solve carbides.) After the steel has dissolved, add 10 ml of 15 per cent 
(NH4)2S208 solution and boil 5 minutes. Then filter if necessary. Cool, 
and, to prevent precipitation of Fe(()H)3 on neutralization, add 10 ml of 
a solution made by dissolving 20 g of citric acid, 27 g (NH 4)2804, and 
20 ml of concentrated NH4OH in 80 ml of water. Cool to room tempera- 
ture, and add 6 N ammonia until the solution assumes a greenish tint 
and is basic to litmus. Cool the clear solution to room temperature and 
dilute to 200 ml with cold water; carefully measure out from a buret 
about 0.5 ml of the standard silver nitrate solution and add 2 ml of the 
potassium iodide. Titrate with potassium cyanide until the precipitate 
of silver iodide has disappeared, and finish by adding just enough more 
of the silver nitrate to cause the formation of a slight turbidity again. 

If cobalt or tungsten is present, treat 1 g of sample with 35 ml of 6 A H2S04. To 
the resulting solution add 20 ml of 6 iV IINOs and boil 10 minutes. Add 25-50 ml 
of water and filter. To the filtrate add 15 ml of 15 N NH4OH to partially neutralize 
the solution; if a precipitate is formed which will not dissolve upon stirring, dissolve 
it in HNO3. Cool well, add 50 ml of the above-mentioned ammonium citrate mix- 
ture, and proceed as described above. 

If copper is present, dissolve the sample in 35 ml of 6 A H2SO4 and precipitate 
the unoxidized solution by boiling with about 1 g of 18-gauge pure aluminum wire. 
Filter, add to the filtrate 5 ml of concentrated HNO3, boil off nitrous fumes, and then 
neutralize with ammonia and add citric acid mixture. If more than 0.2 per cent of 
nickel is present and the copper content is high, it is better to use the dimethyl 
glyoxime method. 

18. Determination of Copper by the Potassium Cyanide Method^ 

Principle. If an ammoniacal solution of a cupric salt is treated with potassium 
cyanide, the intense blue color gradually disappears. The reaction is essentially as 
follows: 

2Cu(NH,) 4++ + 7CN‘ + HjO = Cuj(CN). + CNO* + 2NH4+ + 6NH, 

» Cf. Steinbeck, Z. anal. Chem., 8, 8 (1869); Dulin, J. Am. Chem. Soc., 17, 346; 
A. H. Low, Technical Methods of Ore Analysis. 
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The temperature of the solution, the ammonia concentration, and the quantity of 
ammonium salts present affect the reaction so that a given quantity of copper does 
not always react with the same quantity of potassium cyanide. The potassium 
cyanide solution, therefore, must be standardized under exactly the same conditions 
as under which the analysis is carried out. 

Standardization of the Potassium Cyanide Solution. Dissolve 20 g 
of pure potassium cyanide in a liter of water. Weigh out 0.2 g of pure 
copper wire, or foil, into a 200-ml Erlenmcyer flask, and dissolve in 10 
ml of Q N nitric acid. After the copper has dissolved add 25 ml of 
water and 5 ml of bromine water. Boil to expel the excess of bromine. 
Then add 50 ml of water and 10 ml of concentrated ammonium hydrox- 
ide, cool to room temperature by placing the flask in cold water, and 
add the potassium cyanide solution slowly from a buret, while constantly 
rotating the contents of the flask. When the solution has become a 
pale blue, dilute to about 150 ml and continue adding the potassium 
cyanide until the solution is just decolorized. The weighed amount 
of copper divided by the number of milliliters of potassium cyanide 
required gives the titer of the solution. 

Low’s Method for Analyzing Copper Ores. Weigh out 0.5 g of a 
rich ore, or from 2 to 4 times as much of a low-grade ore, into a 200- 
ml Erlenmeyer flask and treat with 6-10 ml of concentrated nitric 
acid. Boil until nearly all the red fumes arc expelled. If necessary, 
also add 5 ml of concentrated hydrochloric acid to decompose the ore 
and continue boiling for a short time. After cooling somewhat, add 
14 ml of 18 AT sulfuric acid and evaporate until dense fumes of sul- 
furic acid are evolved. Then, after allowing to cool again, add 25 ml 
of cold water and a drop of concentrated hydrochloric acid to precipi- 
tate any silver as chloride. Boil to dissolve the copper and ferric sul- 
fates, and filter off the precipitated lead sulfate and silicious residue. 
Wash the residue with hot water and receive the filtrate in a 150-ml 
beaker, taking care not to let the filtrate exceed 75 ml. 

Place a piece of sheet aluminum, about 14 cm long and 2.5 cm wide 
and bent into a triangle, in the beaker. Cover with a watch glass, and 
boil the contents of the beaker for about 10 minutes, whereby nearly 
all the copper is deposited as spongy metal. Now remove the flame 
and wash down the sides of the beaker with cold water. To precipi- 
tate the last traces of copper and to prevent the oxidation of the fine 
deposit, add 15 ml of strong hydrogen sulfide water and decant the 
liquid through a 9-cm filter. Wash off the copper from the aluminum 
by means of weak hydrogen sulfide water into the flask in which the 
ore was dissolved and decant the liquid through the filter. Set aside 
the beaker containing the aluminum foil and some copper, The 
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operation of filtering should take place without interruption and the 
filter kept well filled with liquid to prevent the oxidation of any pre- 
cipitate upon it, which would cause it to dissolve aiul give a turbid 
filtrate. After washing the deposit 4 times, using in each case 20 ml 
of weak hydrogen sulfide water, allow the liquid to drain from the fun- 
nel, and then replace the beaker containing the filtrate with the flask 
containing the deposited copper. Cover tlie aluminum foil, to which 
some copper usually adheres, with 10 ml of 6 N nitric acid, heat nearly 
to boiling, and pour the hot acid through the filter. Replace the flask 
with the beaker containing the foil, and heat the contents of the flask 
until all the copper is dissolved and the greater part of tin? red fumes 
expelled. Again place the flask under the funnel, cover the aluminum 
foil in the beaker with 5 ml of strong bromine water, and pour this 
through the filter. Then wash the alumiiuirn foil and the filter with 
hot water. Boil the solution to expel the excess of bromine, cool to 
room temperature, treat with 10 ml of strong ammonia, and titrate with 
potassium cyanide exactly as in the standardization. 

19. Determination of Lead by the Molybdate Method^ 

Principle. The lead is precipitated as molybdate from an acid solution, and the 
termination of the reaction is recognized by testing a drop of the solution with a 
drop of tannin solution, which gives a yellow coloration when an excess of ammonium 
molybdate is present. 

Requirements. 1. A solution of ammonium molybdate prepared by dissolving 
about 4,25 g of ammonium molybdate in water, and diluting to 1 1. 

2. A freshly prepared tannin solution containing. 0.1 g of tannin in 20 ml of water. 

Standardization of the Ammonium Molybdate Solution. Weigh out 
0.2 g of pure lead foil into a 200-ml Erlenmeyer flask, dissolve in a 
mixture of 2 ml concentrated nitric acid and 4 ml of water, and evaporate 
the solution nearly, if not quite, to dryness. Take up the residue in 
30 ml of water, add 5 ml of concentrated sulfuric acid, shake, and allow 
the lead sulfate to settle completely. Filter and wash the precipitate 
with 3.5 N sulfuric acid. Drop the filter, together with precipitate, 
into an Erlenmeyer flask, add 10 ml of concentrated hydrochloric acid, 
and boil the liquid until the filter is completely disintegrated. Then, 
after adding 15 ml more of concentrated hydrochloric acid and 25 ml 
of cold water, carefully add 25 ml of concentrated ammonia, whereby 
the greater part of the acid is neutralized. Drop a piece of blue litmus 
paper into the solution, add ammonia to slightly alkaline reaction, 
and then glacial acetic acid until the litmus paper turns red. Dilute 

'Alexander, Chem.-Ztg., 16, 181 (1892); Low, Technical Methods of Ore Analysis. 
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to about 200 ml with hot water and transfer about two-thirds of the 
solution to a beaker. Add the ammonium molybdate solution to the 
beaker from a buret until a drop of the solution, brought in contact with 
a drop of the tannin indicator upon a white porcelain tile, gives a brown 
or yellow color. Pour in some more of the lead solution to the beaker 
and repeat the operation until only a few milliliters of the lead solution 
remain in the flask. Finally add the rest of the solution, and finish the 
titration by adding the molybdate solution 2 drops at a time. If 
t ml of molybdate is used in titrating a g of lead the titer of the solution is 


1 ml ammonium molybdate = - g lead 


Procedure.' Dissolve the ore in hydrochloric acid or hydrochloric 
and nitric acids, and filter the solution while hot without diluting any 
more than to prevent the acid attacking the paper. Wash the residue 
rapidly with a hot solution of ammonium chloride until the washings 
show no blackening when tested with ammonia and a drop of ammonium 
sulfide. Make the filtrate just alkaline with ammonia and add a slight 
excess of ammonium sulfide. Heat to boiling, filter off the precipitated 
sulfides, and wash with hot water. (The alkaline earths may be de- 
termined in the filtrate if desired.) Dissolve the sulfides in hot, dilute 
nitric acid and catch the resulting solution in the same beaker in which 
the sulfides were precipitated. Add 7 ml of concentrated sulfuric 
acid, and evaporate the liquid until dense vapors of sulfuric acid are 
evolved. After allowing to cool, add 25 ml of water and boil the 
liquid to dissolve the anhydrous ferric sulfate. Add 10 ml of alcohol, 
cool to room temperature, and filter off the precipitated lead sulfate. 
Wash free from acid, dissolve in a slight excess of ammonium acetate 
solution,^ and dilute with water. After heating to boiling, titrate the 
hot solution with ammonium molybdate. 

The above procedure serves when alkaline earths are present; but 
when these are known to be absent, the original solution of the ore can 
be at once evaporated with sulfuric acid, the resulting lead sulfate dis- 
solved in ammonium acetate solution and titrated without any puri- 
fication. 


' This method waja obtained through the courtesy of Mr. Franklin G. Hills of 
the American Smelting and Refining Co. 

* If too much ammonium acetate solution is used, a transitory end point is obtained 
in the subsequent titration. It is necessary to use a hot solution, which does not 
contain too much of the salt. See p. 59. 
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20. Determination of Zinc by Potassium Ferrocyanide^ 

The potassium ferrocyanide method for titrating zinc is very accurate 
but it requires some experience before an operator becomes skilled in 
its use. The end point of the reaction corresponds to the formation of 
K2Zn8[Fe(CN)6]2. 

SZnCU + 2K4Fe(CN)6 = 6KC1 + K 2 Zn 3 [Fe(CN) 8]2 

After this point is reached, a slight excess of ferrocyanide will give a 
brown coloration when tested with dilute uranyl solution or ammonium 
molybdate on a spot plate. If the solution contains a very small quan- 
tity of iron, a little prussian blue is formed and the color changes from 
pale blue to pea green at the end point as a result of the presence of yel- 
low ferrocyanide. 

Potassium Ferrocyanide Solution. Dissolve 32.31 g of pure 
K4Fe(CN)6*3H20 in water and dilute 11; 1 ml of this solution should 
react with 7.5 mg of zinc. 

Standardization. Weigh out into 400-ml beakers several 0.3-g por- 
tions of pure zinc, weighing to 4 decimal places. Cover with water and 
dissolve in 20 ml of 6 A hydrochloric acid. When all the zinc has dis- 
solved, neutralize with strong ammonia, make slightly acid with hydro- 
chloric acid, and add 6 ml of 6 iV acid in excess. Add 2 drops of ferrous 
sulfate solution containing 2.5 g FcS04*71 l20per liter. This corresponds 
to about 0.03 mg of iron. Dilute with water to 200 ml, heat to boiling, 
and titrate as follows: Reserve one-quarter of the solution in a small 
beaker, to avoid the necessity of titrating to the right end point at once. 
To the hot solution add the ferrocyanide with vigorous stirring. The 
solution assumes a blue color, which should be quite pale and is due to 
the reaction of ferrocyanide with a very small quantity of ferric iron 
formed from the ferrous solution added. When an excess of yellow 
ferrocyanide is present, the blue color changes to a pale green. Add a 
little more of the ferrocyanide and pour in all but about 5 ml of the 
reserved zinc solution. Again add ferrocyanide till the end point is 
reached and about 0.5 ml more. Add the last of the reserved solution, 
wash out the beaker with hot water, and titrate with ferrocyanide drop- 
wise imtil the blue color fades sharply to a pea green. This is the end 
point. 

Repeat the standardization until an agreement within 2 parts in 1000 
is obtained. 


1 The directions here given are based upon the procedure followed in the labora- 
tories of the New Jersey Zinc Company at Palmerton, Pa. 
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Analysis of the Ore. Weigh out into a small beaker enough of the 
powdered ore to give approximately 0.6 g of zinc. Moisten with water 
and add 10 ml of concentrated hydrochloric acid. If sulfides are pres- 
ent it may be necessary to add 10 ml of concentrated nitric acid at this 
point. Digest on the hot plate at a temperature below the boiling point 
for 1 hour. Remove from the plate and wash down the sides of the 
beaker and the cover glass. Add 10 ml of 18 N sulfuric acid and evap- 
orate to fumes. With very silicious material it is well to break up the 
silica with a glass rod before adding the sulfuric acid. Cool and dilute 
to 50 ml with water. 

If there is any indication of undccomposed mineral in the residue filter 
and wash the residue with hot water. Digest the residue with hot 
ammonium acetate solution to remove lead sulfate and treat the residue 
with sulfuric and hydrofluoric acids (cf. silicate analysis). Then, after 
the removal of the excess acid, fuse with potassium pyrosulfate, dissolve 
the melt in dilute sulfuric acid, and add the solution to that previously 
obtained. 

The next step is to reduce the ferric salt and precipitate copper, bis- 
muth, etc., by treatment with 1 g of 20-mesh aluminum powder at a 
volume of about 50 ml. If it was not necessary to test the residue for 
zinc, the treatment should precede the filtering of the lead sulfate and 
silica precipitate. Add 10 drops of saturated sodium thiosulfate solu- 
tion, cover the beaker with a watch glass, and heat 20 minutes. This 
serves to reduce the iron and precipitate all the copper-group metals 
except about 0.05 per cent of cadmium, which does no harm. Transfer 
the solution to a 200-ml measuring flask. Make up to the mark, mix, 
and filter through a dry paper. Reject the first 10 ml of runnings and 
take 100 ml for the titration. Transfer the solution to a tall, 400-ml 
beaker, and neutralize with sodium hydroxide solution till a jelly is 
formed (of Al(OH) 3 ) and the acidity corresponds to about 2 drops of 20 
per cent sulfuric acid. Use methyl orange as indicator. Add 3 ml of 5 
per cent sulfuric acid, dilute to 200 ml, and introduce a stream of hydro- 
gen sulfide into the cold solution for 40 minutes, at the rate of at least 8 
bubbles per second. Allow the precipitate to settle for 15 minutes, filter, 
and wash with cold water. 

Wash back the zinc sulfide precipitate into the beaker and rinse out 
the hydrogen sulfide tubing with 10 ml of concentrated hydrochloric in 
hot water. Run the acid through the filter and wash with hot water. 
Heat the acid until all the zinc sulfide has dissolved and all the hydrogen 
sulfide is expelled. Dilute with cold water to 150 ml, add concentrated 
ammonia until slightly alkaline, neutralize with hydrochloric acid, and 
continue as in the standardization of the ferrocyanide solution. 
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21. Determination of Arsenic in Ores. Modified Method of 
Low-Pearce-Bennett 

Of the finely powdered ore, take 0.5 g if the arsenic content is not 
above 10 per cent. If the ore is richer, take only enough to furnish 0.05- 
0.10 g of arsenic. Mix the ore with 2 g of anhydrous sodium carbonate 
and 1.5 g of potassium nitrate in a 30-ml porcelain crucible, and sprinkle 
about 1 g of the fusion mixture on top. Cover the crucible and heat 
very slowly over a small flame, gradually raising the temperature until 
finally the full heat of a good burner is used for 10 minutes. Cool and 
extract with 200 ml of hot water. Filter and wash with hot water until 
all the soluble alkali salts are removed as shown by the litmus test for 
sodium carbonate. In this way all the arsenic is obtained as alkali 
arsenate. 

Make the solution distinctly acid with acetic acid and boil 10 minutes 
to remove carbonate and nitrite. Cool and add sodium hydroxide until 
the solution is basic to phenolphthalein. Discharge the color with a 
few drops of acetic acid and add 20 ml of 0.1 silver nitrate solution. 
After the reddish brown precipitate of silver arsenate has coagulated 
sufficiently, filter and wash with cold water till the washings are free 
from silver. Dissolve the silver arsenate by pouring small portions of 
hot 3 N nitric acid through the filter, using about 10 ml of acid in all. 
Dilute and titrate the silver by the Volhard method, p. 648. One milli- 
liter of 0.1 iV KCNS solution = 0.002499 g of As. 

Remark. This method gives excellent results in the commercial analysis of 
arsenide ores, but chromium and phosphorus interfere as silver chromate and phos- 
phate, etc., behave like the arsenate. 



PART III, GAS ANALYSIS 

CHAPTER XVIII 

GENERAL CONSIDERATIONS 

The chemical analysis of gas mixtures is accomplished usually by 
measuring and rarely by weighing the individual constituents, so that 
it is customary to express the results in percentage by volume. Strictly 
speaking, the original gas has each individual constituent throughout 
the entire volume, and the sum of the pressures exerted by the indi- 
vidual constituents is the pressure of the entire gas. When we say that 
air contains about 20 per cent oxygen and 80 per cent nitrogen by vol- 
ume we mean that if we were to take 20 ml of oxygen and 80 ml of 
nitrogen (both measured at atmospheric pressure) we would have the 
equivalent of 100 ml of air although in the mixture each gas is uni- 
formly distributed and has a volume of 100 ml; the sum of the pres- 
sures exerted by each gas at that volume is equal to the atmospheric 
pressure. Inasmuch as the volume of a gas is influenced to a marked 
degree by the temperature and pressure, it is necessary to reduce each 
measurement to standard conditions of temperature and pressure, and 
further to take care that these remain constant during the whole of the 
analysis. A volume of gas V measured over water at fC and B mm 
barometric pressure^ is reduced to the volume which it would assume 
at 0°C and 760 mm pressure in a dry condition by means of the formula 

V(B - ii;) 

° 760 (1 + at) 

In this formula, Vo represents the reduced volume,^ V the volume 

1 Here is understood the barometer reading reduced to 0®C. The reduction is 
accomplished by means of the formula: Bo = ] • B, in which Bo represents the 

1 "T" OCt 

reduced reading, B the actual reading at 4 a the expansion coefficient of mercury 
(= 0.000181), /3 the linear coefficient of expansion of glass (= 0.0000086). For 
most purposes, however, the reduction to 0°C can be made with sufficient accuracy 
by making the following deductions from the actual readings: 

6-12° 1 mm 21-28° 3 mm 

13-20° 2 mm 29-35° 4 mm 

• Or volume under standard conditions. 

670 
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of the gas at and B mm pressure, w the tension of aqueous vapor, 
and a the expansion coefficient of the gas (= 0.003665). 


As, however, a 


1 


the above formula may be written as follows : 


V{B - w) 273 
760 (273 -f t) 


Instead of reducing the observed volume to the standard conditions 
by computation, it can be effected mechanically by compression (see 
p. 330). 


The Collection and Confinement of Gas Samples 

Since all gases diffuse rapidly into one another even when separated 
by porous solid bodies or liquids, it is evident that the collection of the 
sample and its preservation offer certain difficulties. If a gas is con- 
fined in a bell jar over water and thus kept out of contact with the air, 
it will be found that different results will be obtained in the analysis of 
the gas from day to day. The air gradually penetrates through the 
water into the bell jar, and in the same way the gas within the jar grad- 
ually diffuses into the atmasphere. This process will continue until 
finally the composition of the gas both within and without the jar is 
the same. The rapidity of the diffusion depends upon the extent to 
which the gases are absorbed by the liquid which separates them. 
Those liquids which absorb the gases readily, allow them to pass through 
it rapidly, and consequently cannot be used for keeping the gases apart. 
Of all liquids, mercury is best suited for the purpose, because it absorbs 
only minimum amounts of the different gases. 

Gases which combine chemically with mercury, such as chlorine, 
bromine vapors, and hydrogen sulfide, cannot, of course, be collected 
over mercury; it is best to collect them in dry glass tubes and to seal 
the tubes by fusing together the open ends if the gas cannot be analyzed 
immediately. Through glass there is no diffusion, so that gases may 
be kept unchanged in sealed tubes for years. 

If the gas is to be analyzed within a few days after the time of col- 
lection, it can be kept in pipet-shaped tubes. The ends are closed by 
thick pieces of rubber tubing into each of which is inserted a piece of 
glass stirring rod with rounded ends; where the rubber tubing comes in 
contact with the glass it should be fastened tightly with wires. It is 
not permissible to keep gases in such tubes for a considerable length 
of time, for rubber, particularly when it has become hard, permits the 
diffusion of gases to some extent. 
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For less accurate analyses, the gases can be collected over water 
which has been previously saturated with the gas to be analyzed, and 
the analysis must be made immediately afterwards. 

From what has been said, it is evident that care must be taken in 
collecting and keeping the gas to be analyzed. We will now consider 
briefly a few practical examples. 


(a) Collection of Gases in Accessible Places 

1. Draw out the neck of a 200-ml flask somewhat and insert a glass 
tube (Fig. 95). Draw about 800 ml of the gas to be analyzed through 
the flask by means of suction. Then close the neck of the flask by 
means of a rubber cap and fuse the glass together. 



Fia. 95. 



(6) Collection of Gases from Inaecessihle Places 

Connect the rubber tubing G, Fig. 96, on one side with the aspi- 
rator A of about 30-1 capacity and on the other with the source of the 
gas, and allow water to flow quickly from the aspirator. After 5 or 6 1 
has run out, the air is usually completely expelled from the rubber 
tubing and replaced by the gas to be analyzed, so that it is now ready 
for collecting the same. For this purpose, turn the stopcock H 90° 
to the right, so that the vessel Ry which is to receive the gas, is in 
communication with the outer air, and expel the air from it by raising 
the mercury reservoir N. Then turn back the stopcock to the position 
shown in the figure and fill R with the gas by lowering N. As the 
tubing between the T tube and the stopcock contained impure gas, 
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again fill R with mercury and expel the gas into the air. After the 
process has been repeated 3 times, fill the receiver for the last time with 
the gas, close //, lower N so that the pressure in the tube is less than 
that of the atmosphere, and fuse together the ends of R first at a then 
at b. During this sealing of the tube, it should be removed from the 
ring-stand so that the tube can be revolved a little while being heated 
in the flame. 

In sealing the tube, draw out the ends into a capillary as shown in 
R\ Fig. 96. 

If it is necessary to obtain the gas from places at a very high temper- 
ature, e.g., from blast furnaces, producers, etc., glass tubes would melt, 
and if ordinary iron tubes were not melted they would decompose the 
gas. In this case it is best to use the water- jacketed iron lube devised 
by St. Claire Deville and shown in Fig. 97. Cause cold water to run 
into the outer condenser at a and to run out at b, and collect the gas, 
as described above, through the tube c. It is important that the water 
should run through the tube fast enough to keep the inner tube cold; 
otherwise the gas will be decomposed. By this means there is no dif- 
ficulty in collecting gas samples from dilYercnt heights of the glowing 
layers of coal in blast furnaces or producers, or from smoke stacks. 



Fia. 97. Fig. 98. 


Collection of Gases Arising from Mineral Springs 

Connect the receiver R with the funnel T by means of the rubber 
tubing q (Fig. 98). Fill all these parts of the apparatus with spring 
water and allow the gas to ascend through the funnel as shown in the 
illustration. In order that the gas may pass from the funnel into the 
receiver, raise Ry so that only the tubing p remains in the water, and 
lower the funnel as far as possible, causing pressure enough to drive 
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the gas over. Then close the tubing just above a by means of a screw- 
cock, place a beaker filled with spring water under p, remove the 
apparatus from the spring, fuse together both ends of R with the blow- 
pipe. If the gas is to be analyzed within 2 or 3 days, the receiver may 
be closed by pieces of short rubber tubing each containing a short piece 
of glass rod with rounded ends. All such connections must be fas- 
tened by means of wires where the glass comes in contact with the rubber. 



Collection of Gases Absorbed in Spring Water 

Of the many different methods which have been proposed for the 
analysis of the absorbed gases in spring water, the following is prob- 
ably the most satisfactory. 

Fill the flask A, Fig. 99, with spring water up to its upper edge and 
immediately insert in the neck of the flask and press down the rubber 
stopper containing the tube L, which is fused together at the bottom 
but has an opening on the side at I, Raise the tube L so that the 
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opening I is within the stopper, thus making an air-tight connection. 
Now connect the bulb K with L, which is half full of distilled water 
and is connected with the capillary tubing C, although the latter is 
not yet connected with the measuring tube By as shown in the illus- 
tration. Raise the leveling tube N until mercury begins to flow out 
of the right-angled capillary tube, then close the stopcock H. After 
this boil the water in the bulb K (which is held in an inclined position) 
for 3 minutes, meanwhile warming the capillary tubing connected with 
the measuring tube. Unless this last precaution is taken, the capillary 
tubing is likely to break, particularly in winter. After the water in K 
has boiled vigorously for 3 minutes, remove the flame, quickly connect 
C with the measuring tube R, and securely fasten the rubber connection 
with wire. By boiling the water in Ky a complete vacuum is produced 
in the bulb, so that the gas can be collected at once from the spring 
water. For this purpose press down the tube L through the rubber 
stopper until the opening I comes just below its lower edge, lower the 
leveling tube N, and open the stopcock H. At once there is a lively 
evolution of gas from the water in A, and this is subsequently main- 
tained by wanning the water. As soon as the eudiometer is full, close 
the stopcock and read the volume of the gas after bringing the mercury 
to the same level in N that it is in B. At the same time note the tem- 
perature of the water in the condenser M and read the barometer. 
Drive over the gas into the Orsat tube, O, containing potassium hy- 
droxide solution (1 : 2), and allow it to remain there for the time being. 
Meanwhile continue boiling the water in A, and measuring the gas in 
By etc., until finally no more gas can evolve from the spring water. 
Drive over all the gas into the Orsat tube, after its volume has been 
noted; by means of the caustic potash, the carbonic acid is quan- 
titatively absorbed. Again drive the unabsorbed gas over into B and 
read its volume. By correctly regulating the velocity of the current of 
water flowing through the condenser, it is easily possible to maintain 
a constant temperature throughout the whole of the experiment. The 
residual gas remaining after the absorption of the carbon dioxide con- 
sists usually of nitrogen, oxygen, and in some cases methane. Transfer 
it to the apparatus of Hempel, and analyze according to methods which 
will be described further on. 

According to this method, the determination of nitrogen, oxygen, 
and methane gives exact results, but the apparent amount of carbon 
dioxide is sometimes too much and sometimes too little. If the water 
contains large amounts of bicarbonate in solution, the carbonic acid 
found will represent more than was originally present in the free state, 
for such substances are partly decomposed by boiling their aqueous 
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solution. On the other hand, if only a little bicarbonate is present, the 
result will be too low, for it is not possible to remove all the free carbonic 
acid from a solution by boiling it in a vacuum. 

Consequently, in all cases the free carbonic acid must be determined 
by computation. For this purpose determine the total carbonic acid 
in a fresh sample of the water, according to p. 336, and then, if the com- 
position of the solid constituents present is known, the volume of the 
free carbonic acid can be calculated. 

Example. One thousand grams of Tarasper-Lucius water contains 7.877 g of 
total carbonic acid. Of this amount, a part is present in the water as bicarbonate, 
and the remainder is free carbonic acid. If from the total amount of carbonic acid 
the combined acid is deducted, the difference represents the amount of free carbonic 
acid present. 


Calculation of the Carbonic Add Present as Bicarbonate 

This is obtained by multiplying the difference between the cations 
and anions (expressed in gram equivalents) by the molecular weight of 
HCO 3 , because the sum of the cations in every salt solution is equal to 
that of the anions present when both are expressed in gram equivalents. 

The gram equivalents are obtained by dividing the weight in grams 
of each element (or radical) by the respective atomic (or molecular) 
weight and multiplying by the valence. 

By boiling 828.3 g of the water, 1868.9 ml of CO 2 was obtained 
at 8.4° and 651 mm pressure, containing only traces of nitrogen. This 
corresponds to 1851 ml per liter, at 0° and 760 mm pressure, which is 
more than the calculated amount, because by boiling some of the 
bicarbonate was decomposed. 

CALCULATION OF THE MILLIEQUIVALENTS 


1000 g of Lucius water co ntains: 


Cations 

Wt. in mg 

M illiequivalents 

Potassium (K+) 

... 166 

4.24 

Sodium (Na+) 

... 3906 

169.4 

Lithium (Li'*’) 

9 

1.30 

Ammonium (NH 4 '’') 

... 13 

0.72 

Calcium (Ca+‘*‘) 

... 627 

31.34 

Strontium (Sr++) 

9 

0.20 

Magnesium (Mg++) 

... 190 

15.60 

Iron (Fe'^^) 

6 

0.20 

Manganese (Mn'*"*') 

0.2 

0.008 

Aluminum (A1+++) 

0.6 

0.072 


Sum of cations 223 . 08 milliequivalents 
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Anions 

Chloride (CD 

Bromide (Br") 

Iodide (I") 

Sulfate (SO4”) 

Hydrophosphate (HPO4’") 

Hydrocarbonate (HCOs) . . 

Sum of cations 223. 1 
Sum of anions 104.1 

Bicarbonate ions 119.0 = 119 X 0.06101 = 7.262 g HCO* = 6.240 g CO* 

CALCULATION OF FREE CARBONIC ACID 

Total CO 2 = 7.877 g; combined CO 2 = 5.240 g; free CO 2 = 2.637 g *= 1334 ml 
at 0° and 760 mm pressure. 

If the amount of bicarbonate present is very small, the total amount 
of carbonic acid obtained by boiling the water is always too small. 
Thus with the thermal water of Baden, by boiling there was obtained : 

Nitrogen 14.43 ml per liter 

Carbon dioxide 112. 12 ml per liter 

126.55 ml per liter 

and from the analysis, the free carbonic acid was computed to be 180.52 
ml. The absorbed gas in the thermal water of Baden is, therefore. 

Nitrogen 14.43 rnl per liter 

Carbon dioxide 180.52 ml per liter 

194.95 ml per liter 

Remark. With the above method of collecting the gas, it is difficult to prevent 
some water getting into the measuring tube by means of which a small amount 
of the gas will be reabsorbed. This difficulty is avoided, however, if the flask shown 
in Fig. 100 is used to contain the water. 

This flask is provided with a short tube blown into its neck near the top and con- 
nected by means of thick-walled rubber tubing with the mercury reservoir R. In 
oijder to determine the contents of the flask, make a scratch on the small tube about 
4 cm from the neck of the flask, drive over the mercury just to this mark, and tightly 
close the rubber tubing by means of a screwcock. Then empty the reservoir of 
mercury, and weigh the flask together with the stopper, glass tube L, rubber tubing, 
and what mercury remains above Q. Next fill Jbhe flask with water, press down the 
stopper to the mark in the neck of the flask, and raise the tube L until the lower 
opening I comes within the stopper. After drying the tube L with blotting paper, 
weigh the flask and its contents. Etch its capacity upon the bulb of the flask. 

For the determination of the gases absorbed in a liquid, fill the flask A in the same 
way as in the determination of its capacity, connect the bulb tube half filled with 


Wi. in mg Milliequivalenta 
2400 67.7 

29 0.36 

0.9 0.007 

1727 36.02 

0.08 0.018 

? 

104.1 milliequivalents 
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distilled water, with L, and connect L with a capillary tube as shown in Fig 99. Re- 
jnove the air from K and the capillary tubing by boiling the water in Ky as described 
on p. 675, and then connect the capillary with the measuring tube R, Fig. 99. Next 
connect the heavy rubber tubing with the reservoir as shown in Fig. 100, and place 
the latter in a beaker of hot water. Introduce the tube L into the neck of the flask 



until the opening I can just be seen, and expel the gas in tl^ same way as described 
on p. 675, except that this time the liquid is not allowed to rise so high in K. After 
three-quarters of an hour the gas will be completely expelled from the liquid. Drive 
over the last portions of the gas into B by lowering the leveling tube N (Fig. 99), 
raising the mercury reservoir R (Fig. 100), and carefully opening the screw clamp Q. 
A warm stream of mercury will then flow into the flask, expelling the gas into the 
measuring tube. As soon as the liquid in A has been driven over as far as the stop- 
cock, Hy immediately close H, Otherwise the procedure is the same as was described 
on p. 675. 


The Transference of Gases in Sealed Tubes to the Apparatus 
Used for the Analysis 

Assume the gas to be contained in R, Fig. 101. Place a piece of 
thick-walled rubber tubing, containing a piece of heavy tubing r, over 
one of the short tubes connected with the three-way stopcock H, Turn 
the stopcock so that the rubber tubing is above it, and fill the tubing 
with mercury. Then turn H' 180® toward the left so that the left and 
upper tubes communicate with each other. As soon as the mercury 
begins to run out, close the stopcock. Then introduce one end of R 
into the rubber tubing containing the mercury so far that its drawn-out 
point reaches within r, and fasten the rubber tubing securely by wiring, 
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using annealed iron wire because copper or brass wire would be likely 
to become amalgamated with mercury. In a similar way, connect 
the other end of R with the rubber tubing filled with mercury of the 
leveling tube AT, and after this connect the stopcock H with the meas- 



Fig. 101. 


uring apparatus W by means of the capillary tubing E. By raising 
the leveling bulb Kj expel the air from W and the capillary Ef and 
allow mercury to rise in the funnel T, Turn the stopcock H so that 
communication is established between R and TV, and open the ends of 
R by pressing the capillaries against r and r ' . Then, by raising N 
and lowering iC, drive over the gas into W . 

Calibrating Gas Measuring Vessels 

When vessels are purchased to be used in measuring gases, the cor- 
rectness of the calibrations should always be tested; the testing can 
be done with water or with mercury. The calibration with water is 
carried out in exactly the same way as was described for vessels to be 
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used in measuring liquids (cf. pp. 437-446). The calibration by means 
of mercury will be illustrated by an example. Assume that it is de- 
sired to calibrate the apparatus shown in Fig. 102. The vessel must 
be thoroughly cleaned (cf. p. 437) and then placed in a vertical position 
as shown in Fig. 102. Connect the lower capillary a by means of 
thick-walled rubber tubing with a leveling vessel containing mercury, 
and cause the mercury to rise slowly in the 
vessel to a little above upper mark. Then close 
the stopcock, remove the leveling tube together 
with the rubber tubing, and allow the mercury 
to flow out slowly until the highest point in the 
meniscus is exactly tangent to the horizontal 
plane through a'a'. To avoid a parallax error, 
take the reading with a telescope placed 2 or 3 
mm away from the glass. Next allow the entire 
contents of the vessel, including the space in the 
stopcock, to run into a tared flask, and weigh 
to the nearest centigram. After determining the 
temperature of the mercury, its volume can be 
found by means of the table (p. 681) prepared 
by Schlosser.^ 

If the weight of the mercury at 20.3® amounted 
to 2025.26 g., then its volume corresponds to 
2025.26 

— — — = 149.41. Since, however, mercury forms 
lo.54oo 

a convex meniscus and the volume is desired 
up to the plane aa', it is evident that the vol- 
ume of mercury weighed did not include the 
space a'a-aa'j and, moreover, since the instru- 
Fig. 102. ment is to be used in the reversed position, the 

error is really twice as much, as is evident 
from the inspection of Fig. 102 I. This is called the double meniscus 
correction. Its value is dependent upon the bore of the tube, as is 
shown by the table on p. 682. 

If the diameter of the vessel in question is 20 mm, then the correc- 
tion, according to the table, would be 4.016 g, and the true volume 



will be 


2025.26 + 4.02 2029.28 


= 149.78. The volume of this in- 


13.5473 13.5483 

strument, therefore, is 0.22 cm less than the intended 150 ml. The vol- 
ume of the narrower parts of the tube can be found in a similar manner. 

» Schlosser and Grimm, Z. Chem. App,-Kunde, 2, 201 (1907). 
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The diameter of the tube is best determined by filling with mercury 
up to a mark, then allowing it to run out until a lower mark is reached, 
weighing the escaped mercury, and measuring the distance between 
the two marks with a millimeter rule. If the weight of the mercury is p, 
the distance between the marks the temperature of the mercury 
20.3®, then the 

diameter = 2 ^ — 

\/i X TT X 13.5483 

WEIGHT OF 1 ML OF MERCURY IN AIR AT TEMPERATURES 
B'ETWEEN 15° AND 30° 

Normal temperature 15° 


Temperature Weight 1 

Temperature 

Weight 1 

Temperature 

Weight 

of Mercury 

of Mercury | 

of Mercury 

°C 

g 

°C 

g 

°C 

g 

15 

13.5593 

20 

13.5489 

25 

13.5385 

15.5 

13.5583 

20.5 

13.5479 

25.5 

13.5374 

16 

13.5573 

21 

13.5468 

26 

13.5364 

16.5 

13.5562 

21.5 

13.545<S 

26.5 

13.5353 

17 

13.5552 

22 

13.5447 

27 

13.5343 

17.5 

13.5541 

22.5 

13.5437 

27.5 

13.5332 

18 

13.5531 

23 

13.5426 

28 

13.5322 

18.5 

13.5520 

23.5 

13.5416 

28.5 

13.5312 

19 

13.5510 

24 

13.5405 

29 

13.5301 

19.5 

13.5499 

24.5 

13.5395 

29.5 

13.5291 





30 

13.5280 


In many cases it is sufficiently accurate to compute the diameter 
from the circumference of the tube and then subtract twice the thick- 
ness of the glass. 

If it is desired to determine the total volume of a tube provided 
with stopcocks at both ends, the apparatus is weighed empty and then 
filled with mercury. In this case, it is obvious that no meniscus cor- 
rection is necessary. 

For a measuring vessel calibrated with water, when in a reversed 
position, the meniscus correction is obtained from the table on p. 682. 
If an instrument calibrated with water is to be used subsequently with 
mercury, the water meniscus in calibrating the reversed tube occupies 
a position similar to that of the mercury meniscus when the instrument 
is in use (see Fig. 103) but the mercury meniscus is not so deep as that 
of the water. The volume of the gas is therefore found as much too 
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TABLE OF MENISCUS CORRECTIONS* 


Diameter of 
Tube in mm 

Double Meniscus 
Correction for Hg in 
mg 

Double Meniscus 
Correction for HjO in 
mg = milliliters 

Simple Meniscus Cor- 
rection (HjO — Hg) 
in milliliters 

3 

76 

12 

3 

4 

108 

20 

6 

6 

174 

31 

9 

6 

314 

44 

10 

7 

550 

61 

10 

8 

790 

81 

11 

9 

1038 

106 . 

15 

10 

1288 

134 

20 

11 

1540 

167 

27 

12 

1796 

204 

36 

13 

2058 

245 

46 

14 

2326 

289 

59 

15 

2596 

336 

72 

16 

2872 

387 

88 

17 

3152 

441 

104 

18 

3436 

499 

123 

19 

3726 

560 

143 

20 

4016 

624 

164 

21 

4314 

691 

187 

22 

4614 

757 

208 

23 

4920 

821 

229 

24 

5230 

881 

247 

25 

5544 

938 

264 

26 

5864 

991 

279 

27 

6185 

1042 

293 

28 

6515 

1090 

308 

29 

6845 

1135 

315 

30 

7182 

1179 

324 


♦ W. Schlfisser. Private Communication. 


large as there is difference between the simple meniscus corrections for 
water and mercury. Thus if the volume of a gas-measuring instrument 
of 10-mm diameter is found by weighing with water to be 10.167, 
according to the above table, then if the instrument is to be used 
with mercury, the gas volume will be 10.167 — 0.020 = 10.147 ml. 

Purification of Merctuy. Lothar Meyer’s Method^ 

The mercury used for gas-analytical operations must be purified. 
The principal impurities are copper, cadmium, zinc, and sometimes 

* Z. anal. Chem.y 2 , 241 (1863). C. J. Moore (Chem.~Ztg.y 1910 , 735) has used a 
similar apparatus for purifying large quantities of mercury, but filters through 
buckskin before allowing it to fall through the acid. 
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silver and gold. The base metals are removed most readily by allow- 
ing the mercury to run in a fine stream through about a meter of 8 per 
cent nitric acid. This is done in the apparatus shown in Fig. 104. 
First fill the bottom of the tube B with impure mercury and add the 
nitric acid. Then pour the mercury through the funnel A, the stem 



Fig. 103. Fig. 104. 


of which is drawn out to a capillary and bent to an angle of 60®. This 
causes the mercury to take a zigzag course as it flows slowly through 
the nitric acid. The dry mercury that first passes over into the flask 
C is impure and must be poured into the funnel and allowed to flow 
through the acid. In this way a fairly pure mercury is obtained which 
can be used as it is for most purposes. If the mercury is to be used for 
calibrating apparatus, it must be distilled. 

For this purpose, Hulett's apparatus, shown in Fig. 105, can be used. 
Place the mercury in the long-necked flask k and connect with the 
receiver V. Cover the flask with a mantle of asbestos paper and heat 
on the sand bath. Through the arm a, connect the receiver with a 
suction pump and introduce into the flask, through b and the long glass 
tube that ends in a capillary, a slow current of nitrogen (or carbon 
dioxide) which has been dried by passing over calcium chloride. Reg- 
ulate the distillation so that the mercury condenses in the glass arm s, 
where it leaves the mantle of asbestos paper. About 150-200 ml of 
mercury can be distilled in an hour with this apparatus. Frequently, 
especially when the nitrogen used contains a little oxygen, the distilled 
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mercury is covered with a thin coating of oxide. This may be removed 
by filtration. To filter the mercury, perforate the point of a paper filter 
several times with a needle, place the filter in a funnel, and pour the 
mercury upon the filter. The pure metal runs through the holes in 
the paper while the impurity remains behind. 


b 



For the distillation of large quantities of mercury the apparatus^ 
shown in Fig. 106 is suitable. Place the mercury in the container R 
(an inverted bottle with the bottom cut off). The tubing that rises 
above R is about 5 mm in diameter and that below is only 2 mm wide. 
The flask K has a capacity of about 300 ml and is fastened by a clamp 
to an iron rod attached to the wall of the room. The lower end of the 
long neck of K reaches nearly to the bottom of R. By suction applied 
at a produce a partial vacuum in K. This causes mercury to rise in 
the tube from R into K. Light the ring burner at B~B' upon which 
the flask K rests. Keep the suction working. The mercury soon 
boils and the vapor escapes into the tube but is condensed by the cooler 
liquid and falls in drops into the vessel c. As soon as all the air has been 
expelled from K, the lower half of the tube fills with mercury to a height 
corresponding to the atmospheric pressure. The vessel c also fills. At 
this point remove from a the rubber tubing that leads to the source of 


‘ Apparatus of M. Gony. 
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the suction and collect the drop- 
ping mercury in a flask. 

To protect the flask wrap 
the lower half with wire gauze D 
and cover the upper half with a 
loose asbestos cap. 

Errors Due to Temperature and 
Pressure Changes 

From the equation on p. 671 it follows 
that a change of 1° in temperature on 
the Centigrade scale causes an error of 
about 0.37 ml on a volume of 100 ml of 
gas. A change greater than this may 
result from a change in room temperature 
or from the burning of combustible gases 
in the explosion pipet. It is necessary, 
therefore, in accurate work either to cor- 
rect each reading or to maintain a con- 
stant temperature by enclosing the gas 
buret in a water mantle of about twice 
its size. The specific heat of a gas is 
small compared with that of water, and 
this water jacket is effective if the tem- 
perature of the laboratory is constant; 
This is more likely to be the case today 
with the heating of buildings controlled 
by thermostats. In routine work, when 
the analysis is started with the water in 
the jacket at room temperature, and the 
analysis is finished in less than an hour, 
the water jacket serves to prevent errors 
due to expansion or contraction of the 
measured gas by temperature changes 
and also to prevent error arising from 
the fact that the tension of water vapor 
varies with the temperature. This is 
important if the gas is measured over 
water. 

A change of about 25 mm in the barom- 
eter reading, which is about the maxi- 
mum variation under ordinary weather 
causes a change in a gas volume of 
about 3.33 per cent. Rarely does the 
barometer change more than 4 mm in an 
hour, but this can cause an error of 
about 0.5 per cent. This error is pre- 
vented by attaching a compensating de- 
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vice to the buret so that all the readings are made under a definite pressure which 
is independent of the barometer reading (cf. p. 330). 

Errors Due to the Solubility of Gases in Confining Fluids 

Pure water is impracticable as a confining fluid because of its solvent effect, which 
varies greatly with different gases. An aqueous solution of sodium sulfate in 1.8 AT 
sulfuric acid or a saturated solution of sodium chloride in 0.25 N hydrochloric acid 
is much better, and the addition of a little methyl orange colors the solution and 
makes it easier to read the meniscus. Mercury does not dissolve gases, but, as 
stated on p. 671, some of the reagents and some gases react with it. The following 
table shows the approximate number of milliliters of gas, under normal barometer 
readings, dissolved by 100 ml of water at 0° and at 20*^. Increase of pressure causes a 
proportional increase in the solubility of a gas which does not react chemically with 
the liquid, and increase in temperature always lessens the solubility of the gas. 


Kind of Gas 

Milliliters Dissolved 
by 100 ml Water at 0° 

Milliliters Dissolved 
by 100 ml Water at 20® 

Acetylene, CaHa 

173 

103 

Carbon dioxide, COa 

171 

88.0 

Carbon monoxide, CO 

3.5 

2.3 

Cyanogen, CaNa 

550 

450 

Ethane, CaH# 

9.87 

4.72 

Ethylene, CaH 4 

22.6 

12.2 

Hydrogen, Ha 

2.1 

1.8 

Hydrogen sulfide, HaS 

468.6 

267.0 

Methane, CH 4 

5.6 

3.31 

Nitrogen, Na 

2.4 

1.5 

Oxygen, Oa 

4.9 

3.1 

Sulfur dioxide, SO 2 

7979 

3937 


The solubility of a gas in a mixture of gases is less because the pressure exerted 
by all the gases present is equal to the atmospheric pressure and the solubility of 
each gas is proportional to its own partial pressure. The solubilities of the gases 
in the above-mentioned salt solutions is much less and the error due to solubility 
can be corrected by saturating the confining liquid with the gas (cf. p. 672). 

Errors Due to Variations in Molecular Voltunes 

In ordinary calculations, students are taught that the molar volume of a gas at 
0® and 760 mm pressure is theoretically 22.41 liters. For accurate work, such an 
assumption cannot be made. Thus, while the accurate values for the molar volumes 
of hydrogen, oxygen, and carbon monoxide are 22.41, 22.39, and 22.40 liters respec- 
tively, the value for methane is 22.36 and for carbon dioxide it is 22.26. Thus, the 
burning of 100 ml of carbon monoxide will only yield 99.5 ml of carbon dioxide and if, 
from the equation CO -f Oj » COa, it is assumed that the volume of COa formed is 
exactly equal to the volume of CO, provided that the temperature and pressure are 
constant, an error of 0.5 per cent will be made (cf. p. 715). 
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Subdivisions of Gas Analysis 

According to the manner of determining the amount of gas, a dis- 
tinction is made between: 

1. Absorption Methods, 

2. Combustion Methods, 

3. Titrimetric Methods, 

Some gases, such as argon, neon, helium, and mixtures of some 
hydrocarbons, can be determined only mechanically as by liquefaction 
and fractional distillation, by dissolving in a liquid, or by freezing. 

In an absorption method the mixture of gases is treated with a series 
of absorbents. The difference in the volumes of the gas before and 
after it has been acted upon by each absorbent represents the amount 
of gas absorbed. The absorption of the gas may take place in the 
measuring tube itself, or better, in separate absorption vessels. 

In this way, the amount of carbon dioxide, heavy hydrocarbons 
(ethylene, benzene, acetylene, etc.), oxygen, and carbon monoxide may 
be determined in illuminating gas, producer gas, water gas, or Dowson 
gas. 

After the constituents capable of absorption have been removed, a 
gas residue is left consisting of hydrogen, methane, and nitrogen; 
the first two constituents are determined V)y combustion; the last is 
always determined by subtracting the total amount of other gases found 
from 100 per cent. 

For a combustion analysis the unabsorbed constituents of the gas 
mixture are mixed with air, or oxygen, in more than sufficient amount 
to ensure complete combustion, and burnt in a suitable apparatus; the 
amount of combustible gas is determined by measuring the contraction, 
the amount of carbon dioxide formed, and the excess of oxygen. 

Finally, if the gas evolved by means of a chemical reaction is meas- 
ured, and from the volume of the gas the weight of the body producing 
it is calculated, we have made use of what is called a gas-volumetric 
method. (Cf. Determination of Carbonic and Nitric Acids,” pp. 
329 and 386.) 
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DETERMINATION OF SOME COMMON GASES 

1. Carbon Dioxide, CO 2 . Mol. Wt. 44.01 

Density = 1.52901 (air = 1). Weight of 1 1 = 1.976 g 
Molar volume = 22.261. Critical temperature = -1-31.5°C 

Carbon dioxide is absorbed to a considerable extent by water; 1 vol. 
water absorbs: at 0°, 1.7967 ml CO 2 ; at 15°, 1.0003 ml CO 2 ; at 25°, 
0.8843 ml CO 2 , or in general- 

p = 1.7967 - 0.07761 X t + 0.0016424 X 

Absorbents. When it is desired to determine only CO 2 in a gas 
mixture, the use of a solid absorbent such as Ascarite (cf. p. 325) is 
best, and in such cases the determination is based on the gain in weight 
of the tube containing the absorbent. In technical gas analysis, how- 
ever, solutions of potassium hydroxide, sodium hydroxide, or barium 
hj^droxide are used. 

Potassium Hydroxide, Dissolve 360 g of pure, electrolytic potassium 
hydroxide in about 500 ml of water and dilute to 1 1. 

During the last fifty years probably potasvsium hydroxide has been 
used more than any other reagent for absorbing CO 2 . In combustion 
analysis (pp. 344, 354) the use of a solid absorbent is now preferred 
although some chemists still use a weighed bulb containing potassium 
hydroxide solution. In ordinary gas analysis, the gas can be passed 
through the absorbent, back and forth, several times, but in combustion 
work the gas goes through the apparatus only once. When a Geissler 
tube (p. 355) is used the gas must pass through it quite slowly and 

1 This number is the mean from the observations of Lord Rayleigh (1897) = 
1.52909, Leduc (1898) = 1.52874, and Christie (1905) = 1.52930. 

* /3 is called the absorption coefficient of the gas. This signifies the volume of 
gas, measured at 0® and 760 mm pressure, which 1 ml of a liquid at will absorb 
when the pressure upon the surface of the liquid is 760 mm. If /i ml of liquid, at 

and B mm pressure, absorbs V ml of the gas, then the absorption coefficient can 

V 

be computed by the equation: • 
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there is likely to be some loss of moisture escaping through the small 
drying tube at the exit end of the tube. With a dry absorbent in a 
tube fitted with capillary entrance and exit tubes, the gas can be 
absorbed much more rapidly and the loss of moisture easily prevented. 
One milliliter of the potassium hydroxide solution prepared as just 
described can be expected to absorb efficiently at least 30 ml of CO 2 
(about 0.15 g) measured at room temperature and pressure of 1 atmos- 
phere. 

Sodium Hydroxide. Dissolve 315 g of pure electrolytic sodium 
hydroxide in water and dilute to 1 1. Potassium hydroxide has been 
preferred by many chemists because KllCOa is more soluble in the al- 
kaline solution than NalKXls is and consequently can be used to al)sorb 
more CO 2 without any solid separating. Sodium hydroxide is cheaper, 
and its solutions do not have a tendency to foam when gas is bubbled 
through them. The two solutions are equally efficient. 

Barium Hydroxide. When the CO 2 content of a gas mixture is 
small, as in air, some chemists prefer to use barium hydroxide solution. 
Thus, in air analysis, a large sample of air can be shaken with a small 
volume of standardized Ba(OIl )2 and the determination based on the 
titration of the unneutralized base to a phenolphthalein end point 
(cf. pp. 498, 521). 

If the gas analyzed contains other constituents of an acid nature 
such as SO 2 , H 2 S, HCJN, or (CN) 2 , they should be removed before any 
attempt to determine the CO 2 or they will also be absorbed by the 
above-mentioned solutions. The caustic alkali solutions also absorb 
some of the illuminanU, particularly Cello, until they have become 
saturated with them. 

2. Carbonyl Sulfide, COS. Mol. Wt. 60,07 

Density = 2.0999 (air = 1). Weight of 1 1 = 2.715 g. Molar volume = 22.131. 

Boiling point: -47.5°. Density of li(iuid COS, 1.0604. Critical temperature, 
between 94° and 102°. 

Vapor pressure of liquid COS in atmospheres: 0° = 14.5, 5° = 17.4, 22.8° = 20.3, 
41° = 28.1, 67° = 36.7, 74° = 48.4, 94° = 62.9, 102° = co. 

Carbonyl sulfide is colorless, odorless, and tasteless. It shows the 
following behavior toward reagents: 

1. Water absorbs an equal volume of gas at ordinary temperatures. 
The solution is odorless and tasteless at first but soon hydrolyzes slightly : 
COS + H 2 O = CO 2 + H 2 S. 

2 . Dilute caustic potash solution does not absorb COS much better 
than water does. Concentrated caustic potash solution absorbs it, form- 
ing potassium carbonate and sulfide: COS + 4KOH = K 2 CO 3 + K 2 S 
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+ 2H2O. The absorption is so slow that COS can be freed from CO2 
and H2S by washing with potassium hydroxide solution. Alcoholic 
caustic potash absorbs COS quickly and completely. 

3. Ammonia, Concentrated ammonium hydroxide solution absorbs 
COS slowly but completely, forming ammonium thiocarbamate : COS 
+ 2NH3 = NH2COSNH4, and, in the presence of hydrogen peroxide, 
sulfate and carbonate are formed: 

COS + 4H2O2 + 4NH3 = (NH4)2S04 + (NH4)2C03 + 2H2O 

4. Barium hydroxide solution does not give a precipitate at once as 
with CO2 but after about 1 minute a turbidity results. 

5. Neutral or acid solutions of silver nitrate or lead acetate do not give 
precipitates of sulfide for about 8 minutes. In an ammoniacal solution 
of silver or zinc, or in a caustic alkali solution of lead salt, a precipitate 
of sulfide is formed immediately. 

6. Copper sulfate in acid solution absorbs almost no COS. 

7. Iodine in neutral or alkaline solution has very little oxidizing effect. 
Chlorine and bromine act only slightly at ordinary temperatures. 

8. i?romme in alkaline solutions oxidizes COS readily: COS + 4Br2 
*4“ 12KOH = K2CO8 K2SO4 ■}" 8KBr -f* 6H2O. 

9. Fuming sulfuric add absorbs COS at room temperature without 
much oxidation; on being heated, sulfuric acid and CO2 are formed. 

10. Triethyl phosphine does not absorb COS (difference from CS2). 

11. Palladous chloride absorbs COS quickly and quantitatively at 
40-50°: PdCl2 + COS + H2O = 2HC1 + CO2 + PdS. 

12. Mixed with 1.5 volumes of oxygen, COS burns with explosive 
violence and blinding light. In contact with glowing platinum COS 
decomposes smoothly into CO and S without change in volume. 

Determination of Carbonyl Sulfide 

1. Determination of COS and CO 2 in the Presence of Each Other 

Absorb the two gases in an ammoniacal solution of calcium chloride. 
Add neutral hydrogen peroxide, boil, filter off the calcium carbonate, care- 
fully avoiding contamination from the carbon dioxide in the air, wash 
with hot water, dissolve in T ml of 0.1 A hydrochloric acid, and titrate 
back with 0.1 A” sodium hydroxide solution (p. 500). The difference 
T — t multiplied by 1.113 gives the milliliters of the original CO2 (at 
0° and 760 nun) together with that formed from the COS. Evaporate 
the filtrate to small volume, make acid with hydrochloric acid, and 
determine the sulfuric acid as barium sulfate (p. 396). If the weight of 
BaS04 is p g then 94.8 p ml of COS was present, measured under stand- 
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ard conditions. It may be assumed, without serious error, that an 
equal volume of CO 2 was formed from it. 

The absorption reaction is: 

COS + 4 H 2 O 2 + Ca + 4NH8 CaCOs + S04‘" + 4NH4+ + 2 H 2 O 

The CO 2 originally present is 

(T ~ 01.113 - 94.8 p = ml CO 2 at 0® and 760 mm 

Remark. This method of analysis is suitable for the determination of large 
quantities of COS and CO 2 . If but little COS is present mixed with considerable 
CO 2 , Dede^ recpmmends passing 25 1 of the gaa through palladous chloride solution 
heated to 50°. The COS is decomposed quantitatively into an equivalent quantity 
of PdS. Filter off the precipitate, dissolve it in hydrochloric acid and potassium 
chlorate, and determine the sulfur as barium sulfate. 


2 . Determination of COS, H2S, and CO2 in a Mixture 

First determine the hydrogen sulfide content by bubbling the gas 
through a measured volume of 0.1 iV iodine solution until it is nearly 
decolorized. Determine the excess of iodine by titration with sodium 
thiosulfate solution. If ^ ml of 0.1 iV iodine was used in reaction with 
H 2 S, then 1.108 t ml of H 2 S was present, measured under standard 
conditions. This corresponds to 0.01167 t g BaS 04 . 

In a second equally large volume of the gas absorb the three gases in 
an ammoniacal solution of calcium chloride. Afterwards boil with hy- 
drogen peroxide and continue the analysis as in method A. Assume 
that h ml of 0.1 iV acid was neutralized by the calcium carbonate and 
that p g of BaS 04 was formed. Then 

COS = (p-tX 0.01167)94.8 ml at 0*" and 760 mm 
CO 2 = X 1.113 — (p — ^ X 0.01167)94.8 ml at 0® and 760 mm 

The Heavy Hydrocarbons (Hluminants) 

Ethylene (Ethene), C2H4; Benzene, CeHe; Acetylene (Ethine), C2H2 

3 . Ethylene, 2 C2H4. Mol. Wt. 28.06 

Density = 0.9738 (air * 1). Weight of 1 1 = 1.256 g* 

Molar volume = 22.27. Critical temperature = -h9°C 

‘ Chem, Ztg.y 1914, 1075. 

* And its homologs. 

* T. Batuecas, Helv. Chim. AcUit 1, 136 (1918). 



692 DETERMINATION OF SOME COMMON GASES 

Absorption Coefficient for Water 

One volume of water absorbs at 0® 0.256 ml C2H4; at 15®, 0.161 ml 
C2H4; at 20®, 0.149 ml C2H4; or in general, 8 = 0.2563 - 0.009136^ + 
0.000188^2. 

Alcohol absorbs more ethylene; the general formula is iS = 3.5945 — 
0.07716-^ + 0.0006812-^^ 

Absorbents. Fuming sulfuric acid (with 20-25 per cent free SO3) 
also called oleum (cf. p. 509), is used when no separation of the illu- 
minants is desired. It can be purchased or prepared by heating con- 
centrated sulfuric acid and passing the fumes into a cooled receiver 
containing concentrated sulfuric acid. It is really a mixture of H2SO4 
and pyrosulfuric acid, II2S2O7, although the analyst usually regards it 
merely as a solution of SO3 in H2SO4. Pyrosulfuric acid is a well- 
defined chemical compound which melts at 35®. Ethylene reacts with 
fuming sulfuric acid to form ethyl sulfuric acid, C2H5SO4H, and ethyl 
pyrosulfuric acid, C2HBS2O7H. 

Fuming sulfuric acid absorbs the higher hydrocarbons of the methane 
series probably without chemical combination. It absorbs benzene, 
CeHe, to form benzene sulfonic acid, CeHsSOsH, and acetylene to form 
acetylene sulfate, C2H4SO4. By prolonged contact it also absorbs 
some ethane, C2H6, but in ordinary practice the quantity is negligible. 
When a gas is passed through fuming sulfuric acid, the unabsorbed 
gas always carries SO3 fumes away with it; these must be absorbed 
by the caustic potash pipet before measuring the unabsorbed gas 
residue. 

Bromine. A saturated solution of bromine in 5 per cent potassium 
bromide solution can be used for absorbing the illuminants, but it is 
not suitable for use in gas pipets. It reacts with ethylene to form 
ethylene dibromide, C2H4Br2, and with propylene to form propylene 
dibromide, C3H6Br2. With benzene it forms bromobenzene, but it 
does not absorb benzene as well as fuming sulfuric acid does and the 
bromination probably does not stop at the monosubstitution product. 
An aqueous solution of bromine can also be used for absorbing ethylene. 
If the concentration of the solution is known the excess can be measured 
by titrating iodimetrically after the absorption. This is an excellent 
method for determining ethylene in the presence of benzene. 

Palladous Chloride. A 0.5 to 1.0 per cent solution of PdCU is re- 
duced to palladium by carbon monoxide or by ethylene and its homo- 
logs. 

PdCla + CO + H2O = 2 HC 1 + Pd + CO2 
PdCla + C2H4 = C2H4CI2 + Pd 
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The precipitate of palladium black is easily recognized, and it is possible 
to detect 0.2 per cent ethylene when 100 ml of a gas mixture is slowly 
passed through 30 to 40 ml of PdCb. The solution is not suitable for 
use in pipets, but the test is excellent for qualitative purposes. Hy- 
drogen, however, also reacts slowly with the reagent. 

The best method for separating the individual illuminants involves 
fractional distillation. The Bureau of Mines, however, has successfully 
used sulfuric acid of different strengths in the presence of nickel and 
silver sulfates for separating ethylene, propylene, and butylene in the 
absence of carbon monoxide. Passing the gas through sulfuric acid of 
different densities also effects a rough separation in the absence of 
catalyzers. Ammoniacal cuprous chloride solution will also absorb 
ethylene. 


4. Benzene, CeHe. Mol. Wt. 78.11 

Benzene is a liquid which boils at 80.1°. To the extent that it is present as gas, 
it can be assumed that the molar volume is 22.39 1. 

Benzene is readily soluble in alcohol, ether, carbon bisulfide, caout- 
chouc, ethylene bromide, bromine, and fuming sulfuric acid. 

Absorbents. Fuming sulfuric acid^ and bromine water containing an 
excess of bromine. After the solution has been used once, the absorp- 
tion is incomplete. 

Inasmuch as benzene is neither brominated nor oxidized by bromine 
at ordinary temperatures, it was difficult to understand why bromine 
water should absorb it quantitatively. In fact, Berthelot^ and Cl. 
Winkler^ disputed it, but the results of Treadwell and Stokes^ have 
been confirmed by Haber. Haber suggested that the absorption of 
benzene by bromine was of a purely physical nature, and M. Korbuly® 
has shown this to be tme. Just as bromine can be removed from 
aqueous solution by shaking with benzene, so benzene can be removed 
by shaking with bromine, or even ethylene bromide and like solvents. 

By means of highly concentrated nitric acid (d 1.52) benzene is also 
absorbed; this solvent cannot be used in the analysis of gases contain- 
ing carbon monoxide, for this gas is quantitatively oxidized to carbon 
dioxide by nitric acid of this strength, and is therefore removed with the 
benzene® when the acid vapors are neutralized by caustic potash solution. 

* Benzene sulfonic acid is formed, CeHjSOa 

* Compt. rend.f 83, 1255. 

* Z. anal. Chem.j 1889, p. 281. 

^ Treadwell and Stokes, he. cU, 

® Inaug. Dissertation, Zurich, 1902. 

« Treadwell and Stokes, Bcr., 21, 3131 (1888). 
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Behavior of Benzene to Water 

Benzene vapors are absorbed to a considerable extent by water and 
all aqueous salt solutions, a circumstance which must be considered 
when an exact gas analysis is to be made. To determine how much 
benzene is absorbed by water, M. Korbuly performed the following 
experiments : 

Different amounts of air containing 3.16 per cent of benzene vapor 
were shaken in a Drehschmidt^s pipet with the same amount of water 
(5 ml) until no more benzene was absorbed. He obtained the fol- 
lowing results: 


Experiment 

Gas Taken, ml 

Per Cent Benzene 
Present by Volume 

Percentage of Benzene 
Absorbed at the 

End of 3 Minutes 

1 

58.92 

3.16 

1.28 ml = 2.17 

2 

61.14 

3.16 

0.80 ml = 1.31 

3 

58.32 

3.16 

0.S2 ml = 0.89 

4 

59.86 

3.16 

0.44 ml = 0.73 

6 

60.78 

3.16 

0.28 ml = 0.46 

6 

59.88 

3.16 

0.08 ml = 0.01 

7 

60,20 

3.16 

0.02 ml = 0.00 


Potassium hydroxide behaves similarly. 

In the analysis of a mixture of carbon dioxide and benzene, it is 
customary first to remove the carbon dioxide by means of potassium 
hydroxide solution and then the benzene with fuming sulfuric acid or 
bromine. It is evident, then, that both of the results obtained will be 
inaccurate if a fresh solution of potassium hydroxide is used for the 
absorption of the carbon dioxide, for this will absorb not only the whole 
of the carbon dioxide, but in many cases nearly all the benzene. Ac- 
curate results may be obtained by using a solution of potassium hy- 
droxide which has been saturated with benzene vapors. 


6. Acetylene,’ C 2 H 2 . Mol. Wt. 26.04 

Density « 0.9087 (air = 1).» Weight of 1 1 = 1.176 g 
Molar volume = 22,03 1. Critical temperature *= -f 37®C 
Boiling point *» — 80.6°C 

Acetylene is quite soluble in water; 1 volume of water at the ordinary 
temperature absorbs an equal volume of this gas. In amyl alcohol. 


1 M. Bretschger (Inaug. Dissert., Zurich, 1911), M. Stahrfoss and P. A. Guye 
{Arch. 8ci. phys. nat.f 28, 1909). The mean of their two values is used. 
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chloroform, benzene, glacial acetic acid, and acetone it is much more 
soluble; thus 1 volume of acetone absorbs 31 volumes of acetylene.^ 

Absorbents. Fuming sulfuric acid.^ By saturated bromine water, 
acetylene is absorbed rapidly in the cold, but 0.1 N bromine water con- 
taining hydrochloric acid absorbs acetylene so slowly that it permits 
the titration of ethylene in the presence of acetylene (see p. 737). 

By means of ammoniacal cuprous chloride, acetylene is absorbed 
and forms red copper acetylide Cu - C = C - Cu. This reaction is 
so characteristic that it is used for the 

Qualitative Detection of Acetylene 

in gas mixtures. This test is best performed by the method of L. 
Ilosvay von Nagy Ilosva.^ 

Preparation of the Reagent. Place 1 g of copper nitrate (chloride 
or sulfate) in a 50-ml measuring flask and dissolve in a little water. 
To the solution, add 4 ml of concentrated ammonia (20-21 per cent 
NHa) and 3 g of hydroxylamine hydrochloride. Shake the liquid until 
it becomes colorless, and immediately dilute with water up to the 
mark. 

The Qualitative Test. Place a little of the reagent in a 500-ml 
glass-stoppered cylinder and pass the gas to be tested for acetylene 
(illuminating gas) over it until the color of the reagent becomes pink. 
Stopper the cylinder and shake. If acetylene is present, a beautiful 
red precipitate is immediately formed. Another method of making 
the test is to pass the gas through a small bulb tube containing glass 
wool moistened with the reagent. 

The above qualitative test can be used for the colorimetric determi- 
nation of as little as 0.03 mg of C 2 H 2 in gases. It is necessary then to 
add a protective colloid, such as glue, to the reagent so that the copper 
acetylide does not precipitate but remains in red colloidal solution. 

The test can also be carried out as follows : 

Determination of Acetylene in Gases.^ Pass a measured volume of the gas 
through 30 ml of fresh ammoniacal cuprous chloride (prepared as described below) 
contained in a suitable bubble tube. Filter off the red copper acetylide precipitate 
and wash it with very dilute ammonia solution until the washings are colorless. 
Dissolve the precipitate by pouring^ a little 6 N hydrochloric acid through the filter, 
and wash with water. Save the solution. To recover a little undissolved copper, 


^ Hempel, Gasanalytische Methoden, 

* CjH 4 S 04 is formed. 

*Ser., 32, 2698 (1899). 

* Methods of the Chemists of the U. S. Steel CorporcUum. 
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ignite the filter in a porcelain crucible, digest the ash with 2 drops of concentrated 
nitric acid, and wash the solution into the beaker containing the main solution. 
Determine the copper content by any good method. 2Cu = IC2H2. 

Preparation of the Reagent. Pour a solution containing 22.5 g CU2CI2, 180 ml of 
concentrated HCl, and water to make 300 ml into 4 1 of water. Allow the CU2CI2 
precipitate to settle, decant off the supernatant solution, and transfer the remaining 
solution and precipitate to a graduated 250-ml cylinder. After 2 hours, siphon off 
the liquid, together with some precipitate, down to the 50-ml mark, and add 4 N 
NHa solution to the 230-ml mark. Shake well, allow to stand several hours, 
transfer to glass-stoppered tubes containing several pieces of fine copper wire, and 
keep closed until ready for use. 


Separation of the Heavy Hydrocarbons from One Another 

The separation of ethylene, propylene, and butylene was discussed 
briefly on p. 693. For separating ethylene and benzene, Haber and 
Oechelhauser have devised a method which is accurate and to be 
recommended. 

Principle. In one portion of the gas, the sum of the ethylene and benzene is 
determined by absorption with bromine water or fuming sulfuric acid, while in a 
second portion the gases are absorbed in titrated bromine water, and the excess of 
the latter is determined iodimetrically. From the amount of bromine required the 
ethylene is calculated: 

ImlO.lA^I = 1.113 ml C2H4 at 0°C and 760 mm pressure 

As this analysis is often performed in the Bunte buret, it will not be 
explained in detail until this has been described. (See p. 737.) 

The acetylene used in industrial plants is purchased in cylinders which contain a 
solution of the gas in acetone, CHsCOCHs, under a pressure of 10 to 12 atmospheres. 
Under this pressure, acetone absorbs about 100 times its own volume of the gas. 
As the gas is used, some acetone vapor escapes with the acetylene. If it is desired 
to analyze the gas, it must be collected over mercury as both acetone and acetylene 
are very soluble in water. The analysis is made by absorbing both acetone and 
acetylene in fuming sulfuric acid and examining the residue for oxygen, hydrogen, 
methane, and air. 


6. Oxygen, O = 16. Mol. Wt. 32 

Density = 1.0153 (air = 1). Weight of 1 1 = 1.4289 g 
Molar volume = 22.39 1. Critical j^mperature =* --119®C 

Oxygen is only slightly soluble in water; according to the experiments 
of L. W. Winkler,^ 1 1 of water will absorb the following quantities of 
oxygen, nitrogen, and air at 760 mm pressure: 


iJ5er., 34 , 1410 (1901). 
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ABSORPTION OF ATMOSPHERIC AIR IN WATER 


Temperature 

Oxygen 

Nitrogen 

Air 

0 ° 

ml 

ml 

ml 

10.24 

18.57 

28.81 

5° 

8.98 

16.45 

25.43 

10° 

7.97 

14.67 

22.64 

15° 

7.16 

13.29 

20.45 

20° 

6.50 

12.19 

18.69 

25° 

5.93 

11.31 

17.24 

30° 

5.47 

10.59 

16.06 

35° 

5.11 

9.92 

15.03 

40° 

4.83 

9.35 

14.18 

45° 

4.58 

8.93 

13.51 

50° 

4.38 

8.59 

12.97 

55° 

4.22 

8.31 

12.53 


From these data, the absorption coefficient of pure oxygen for water 
at 0-55° can be computed. 

ABSORPTION COEFFICIENTS OF OXYGEN FOR WATER 


Temperature 

a 

0° 

0.04890 

5° 

0.04286 

10° 

0.03802 

15° 

0.03415 

20° 

0.03102 

25° 

0.02831 


Temperature 


30° 

0.02608 

35° 

0.02440 

40° 

0.02306 

45° 

0.02187 

50° 

0.02090 

55° 

0.02012 


Oxygen can be determined by combustion or by absorption. 


Determination of Oxygen by Combustion 

The determination of oxygen by combustion may be effected by 
exploding it with hydrogen (Bunsen) or by conducting a mixture of 
the two gases through a glowing platinum capillary (Drehschmidt), 
exactly as in the determination of carbon monoxide (cf. p. 704). In 
both cases the combustion takes place in accordance with the equation : 

O2 + 2H2 = H2O 

1 vol. 2 vols. 0 vol. 

Three volumes of gas, therefore, disappear for each volume of oxygen 
present (cf. p. 686). If the contraction resulting from the combustion 
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of a mixture of oxygen and an excess of hydrogen is designated by Fc, 
then the amount of oxygen present = %Vc» 

Determination of Oxygen by Absorption 

The reagents commonly used for absorbing oxygen are: (1) a strongly 
alkaline solution of sodium or potassium pyrogallate, and (2) yellow 
phosphorus sticks. (3) Chromous chloride, CrCh, solution is the 
most rapid absorbent and for some purposes the most accurate. (4) Hot 
copper or an ammoniacal of ammonium carbonate containing rolls of 
copper gauze is also effective. (5) A solution of 50 g sodium hypo- 
sulfite, NaaS 204 , in 250 ml of 4.8 N KOH in the Hempel buret or of 
10 g Na 2 S 204 in 1.35 A NaOH in the Bunte buret has been recom- 
mended. With sodium hyposulfite, the absorption is always complete 
within 5 minutes, (6) Manganous hydroxide has also been recom- 
mended. 

Potassium Pyrogallate Solution. Prepare a stock solution of potas- 
sium hydroxide by dissolving 600 g of electrolytic KOH in water and 
diluting to 1 1. Caustic alkalies purified with alcohol should not be 
used in preparing reagents for the absorption of oxygen, for their solu- 
tions evolve some carbon monoxide. Prepare also a stock solution of 
pyrogallol (1,2,3-trihydroxy benzene = C 6 H 8 (OH) 3 ) by dissolving 300 g 
of this trihydroxy phenol (sometimes called pyrogallic acid) in 800 ml 
of water and diluting to 1 1. To prepare the reagent for use, mix 40-50 
ml of the stock pyrogallol solution with 3.5 times as much of the stock 
potassium hydroxide solution. Mix thoroughly, and keep in a stop- 
pered vessel to avoid too much contact with air. 

Sodium Pyrogallate Solution. Mix 60 to 65 of the stock pyrogallol 
solution (see above) with 2.5 times as much of 50 per cent sodium 
hydroxide solution. 

Both these alkaline pyrogallate solutions absorb oxygen quite rapidly 
when fresh. After each milliliter of reagent has absorbed 8 to 10 ml of 
oxygen it reacts more slowly and should not be used much longer. 
The absorption is slow at low temperatures and appears to be most 
favorable at about 20®. 

Yellow Phosphorus. The absorption of oxygen by means of phos- 
phorus takes place by simply allowing the gas containing the oxygen to 
remain over moist phosphorus. The formation of white clouds indi- 
cates the presence of oxygen, and their disappearance shows that the 
absorption is complete. A temperature of 15-20® is best suited for the 
absorption. 

The oxygen is completely absorbed at the end of 3 minutes from 
100 ml of air at this temperature. At lower temperatures the 
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absorption requires more time, and at 0° more than an hour is 
necessary. 

If the gas contains more than 60 per cent of oxygen, moist phosphorus 
will absorb none of it at the ordinary atmospheric preasures. In this 
case the gas must be diluted with nitrogen or hydrogen until a mixture 
is obtained containing leas than 60 per cent oxygen, or the gas must be 
allowed to act upon the moist phosphorus under diminished pressure. 
In the latter case, however, the phosphorus easily becomes heated 
enough to melt it and the reaction becomes too violent. 

Is not absorbed by moist phosphorus if the gas contains 
traces of heavy hydrocarbons, ethereal oils, alcohol, or - ammonia. 
According to Hempel^ 0.04 per cent of ethylene, and according to 
Haber^ 0.17 per cent, suffices to prevent completely the absorption of 
oxygen. 

The yellow phosphorus should be used in the form of small sticks of 4- to 6-mra 
diameter. To prepare the sticks, place some yellow phosphorus under water in a 
test tube. Place the tube in a water bath at about 50° to melt the phosphorus. 
Push a glass tube of the proper diameter into the molten phosphorus and suck up 
the phosphorus to the desired height. Then withdraw the tube and place it in cold 
water. Push out the solidified phosphorus into the reagent pipet which also con- 
tains water. Cover the chamber of the pipet with black paper to protect the phos- 
phorus from light, which converts it into the red modification. When, in using the 
pipet, the white fumes that develop are very slowly or incompletely absorbed in 1 
or 2 minutes, renew the supply of phosphorus. 

The phosphorus is not easy to handle, and it cannot be used for mixtures rich in 
oxygen because the heat of the reaction is likely to melt the phosphorus and fuse it 
into a solid mass. Its action is slow at temperatures below 15° and with gases con- 
taining considerable methane or ethane. 

Chromous Chloride. Although this reagent is one of the most rapid 
absorbents for oxygen and has been in use for nearly 50 years, it has 
not been very popular because it is difficult to prepare and keep in the 
reduced state. Stable solutions in quantities sufficient to charge a pipet 
can be prepared best by reducing chromic chloride in a Jones reductor 
(p. 544) containing amalgamated zinc. Dissolve 75 g CrCls in 190 ml 
of water and 10 ml of concentrated HCl. Pour the solution into the 
funnel tube of the reductor, which is charged with amalgamated zinc 
and filled with water, until the water at the bottom of the reductor 
becomes colored. Then attach the bottom of the reductor, by means 
of a rubber stopper carrying a small Bunsen valve (p. 540), to the rear 
chamber of a pipet ffiled with coke-oven gas, natural gas, or some other 

* GasancUytische Methoden. 

* Experiinental-Untersy/ihungen iHher Zersetzungen und Verbrennungen von Kohlen~ 
waaaerstoffen, Habilitationschrift, Munich, 1896. 
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gas free from oxygen, and allow the rest of the chromic chloride solution 
to run into the pipet dropwise until the proper level has been reached. 
At once connect the pipet to the rest of the apparatus and carefully 
protect the solution from the air. This solution will absorb all the 
oxygen in air bubbled through it from 2 to 4 times. It does not reduce 
H2S, CO2, or similar gases. 

Manganous Hydroxide. This reagent has been used successfully 
since 1894 for absorbing small quantities of oxygen in natural gas and 
in other cases where the use of phosphorus is objectionable. The 
Mn(OH)2 is nearly white when freshly prepared from manganous 
chloride and sodium hydroxide but becomes brown when manganic 
hydroxide is formed by the action of oxygen. The extent of the oxi- 
dation is determined iodi metrically. 

4Mn(OH)2 + O2 + H2O = 4Mn(OH)3 
2Mn(OH)3 + 21“ + 6H+ = 2Mn++ + I2 + 6H2O 


I2 + 28203“-- = 21“ + 8406““ 

To carry out an analysis, fill a 1.50-mI Bunte buret with mercury and draw in 
about 25 ml of 10 per cent MnCb solution over the mercury. Rinse out the cup of 
the buret and add about 15 ml of a 10 per cent solution of sodium hydroxide. Then 
introduce 100 ml of the gas sample, close all stopcocks and allow the mixture to 
stand for 15 minutes with frequent shaking. Then draw 10 ml of 10 per cent potas- 
sium iodide solution into the pipet and, after this, 15 to 20 ml of N H2SO4. Trans- 
fer the solution to a fliisk and titrate promptly with 0.1 N thiosulfate solution. One 
milliliter of 0.1 N Na2S208 solution = 0.560 ml O2 at 0® and 760 mm pressure. 

Determination of Absorbed Oxygen in Water. Method of 
L. W. Winkler^ 

1000 ml 0.1 N Na2S208 solution = ^ = 0.8 g = 559.8 ml oxygen at 0® and 
760 mm pressure 

Principle. If water containing dissolved oxygen is heated in a closed vessel with 
manganese hydroxide, the latter is oxidized to manganous acid according to the 
following equation : 

Mn(OH )2 -h O = H2Mn08 

The amount of oxygen taken up is determined iodimetrically by adding hydrochloric 
acid and potassium iodide to the manganous acid and titrating the liberated iodine: 

H2Mn03 + 4HC1 = MnCb + 2H2O + CI2 and 2KI + CI2 = 2KC1 + I2 

I 

Reagents Required. An approximately 4 N MnCh solution ob- 
tained by dissolving 400 g of MnCU^HjO in water and diluting to 
1000 ml. The manganese chloride must be free from iron 


‘ Ber., 21, 2843 (1888). 
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2. Sodium Hydroxide Solution Containmg Potassium Iodide, On 
account of the nitrite usually pre*scnt in commercial sodium hydroxide, 
prepare the solution from sodium carbonaU> and calcium hydroxide! 
Siphon off the clear liquid and concentrate in a silver dish until its 
density is 1.35. In 100 ml of this solution, dissolve 10 g of potas- 
sium iodide. 

A portion of the alkaline potassium iodide solution on being acidified 
with hydrochloric acid should not immediately turn starch paste blue, 
and, furthermore, large amounts of carbonate must not be present. 

3. 0.1 A Sodium Thiosxdfate Solution, 

Procedure. Take a glass-stoppered flask of about 250-nil capacity 
and determine its exact capacity by weighing it fii*st empty and then 
filled with water at 20°. If the water to be analyzed is saturated 
with air, simply pour it into the flask; otherwise conduct the water 
through it for 10 minutes. By means of a pifx^t reaching to the bot- 
tom of the flask, introduce 1 ml of the alkaline potassium iodide solution 
and immediately afterwards 1 ml of the manganese chloride solution. 
Stopper the flask, shake, and allow to stand until the precipitate has 
settled. Then, by means of the long-stemmed pi|)et, add about 3 ml 
of concentrated hydrochloric acid and once more shake the contents of 
the flask. The precipitate dissolves readily with liberation of iodine; 
titrate the iodine with sodium thiosulfate in the usual way. 

Remark. The results obtained by this method agree closely with those obtained 
by boiling the water as described on p. 678. 

7. Carbon Monoxide, CO. Mol. Wt. 28.01 

Density = 0.96702 (air = 1). Weight of 1 1 = 1.2502 g 
Molar volume = 22.397 1. Critical temperature = — 136°C 

ABSORPTION COEFFICIENTS OF CARBON MONOXIDE FOR WATER* 


Temperature 


Temperature 


0° 

0.03537 

30° 

0.01998 

5° 

0.03149 

35° 

0.01877 

10® 

0.02816 

40° 

0.01775 

15® 

0.02543 

45° 

0.01690 

20® 

0.02319 

50° 

0.01615 

25® 

0.02142 

55° 

0.01548 




• L. W. Winkler, Ber., 34, 1414 (1901). 


In alcohol the gas is about 10 times more soluble than it is in water. 
Its determination is effected either by absorption or by combustion. 
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Absorbents. Ammoniacal Cuprous Chloride. Prepare a stock solu- 
tion by dissolving 300 g of ammonium chloride and 270 g of pure CU 2 CI 2 
in water and diluting the solution to 1 1. To prevent oxidation place 
a few pieces of fine copper wire in the solution. When using, add 
ammonia until the white precipitate of basic copper hydroxide dissolves 
slowly on shaking. Avoid the use of too much ammonia; about 1 ml 
of concentrated ammonia solution is required for each 3 mF of stock 
solution. 

The ammoniacal solution absorbs oxygen from the air and it is best 
not to add ammonia until the solution is to be used. Some ammonia is 
likely to be carried off with the unabsorbed gas and, for that reason, 
the gas should be passed through acid after the carbon monoxide has 
been absorbed. 

Acid Cuprous Chloride Solution. Dissolve 75 g of pure cuprous 
chloride and 600 ml of concentrated hydrochloric acid in sufficient 
water to make 1 1. 

The absorption of carbon monoxide by means of cuprous chloride 
takes place according to the equation : 

CU 2 CI 2 + 2CO 4=± Cu2Cl2-2CO 1 

The compound Cu2Cl2*2CO is unstable and can be formed only 
when a certain pressure is exerted by the carbon monoxide, so that 
when the acid solution is used the absorption will never be quan- 
titative. Further, if a gas free from carbon monoxide (nitrogen or 
hydrogen) is shaken with such a solution after it has been used several 
times, a part of the Cu 2 Cl 2 * 2 CO in solution will be decomposed accord- 
ing to the above equation in the direction of right to left, until the par- 
tial pressure of the carbon monoxide set free is sufficient to restore 
equilibrium. Consequently the volume of the gas will appear greater 
after it has been treated with the cuprous chloride solution than it 
was originally. 

When an ammoniacal cuprous chloride solution is employed, the 
absorption of the carbon monoxide is almost quantitative, but after 
such a solution ha® been used repeatedly it will readily give up some of 
the gas, although not so readily as the solution of cuprous chloride in 
hydrochloric acid or calcium chloride.^ It is advisable, therefore, to 

1 The compound has been isolated in the solid state. According to W. A. Jones 
{Am. Chem. J.j 22 , 287) its formula is Cu2Cla-2C0*4H20, but according to the 
experiments of C. v. Girsewald in the author’s laboratory, the formula is Cu 2 Cl 2 * 
2C0-2H20. 

* Cuprous chloride is soluble in a concentrated solution of calcium chloride; 
1 ml of this solution absorbs 12-15 ml of CO. 
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adopt the suggestion of Drehschmidt, and first absorb the greater part 
of the gas by means of an old solution of cuprous chloride, afterwards 
removing the last traces by means of a freshly prepared solution, or 
one which has been used but a few times. 

Besides carbon monoxide, the ammoniacal cuprous chloride solution 
will absorb acetylene, ethylene, etc., so that these gases must be re- 
moved previously by means of fuming sulfuric acid or bromine water. 

By long shaking with concentrated nitric acid {d 1.5), carlx)n mon- 
oxide is completely oxidized to carbon dioxide, which can be removed 
by treatment with potassium hydroxide solution.^ 

Cuprous Sulfate and fi-Naphthol Mixture. M. Damiens^ found that 
a suspension of cuprous oxide in strong sulfuric acid can be used for 
absorbing carbon monoxide, and Lcbeau and Bedel found that the 
action is much improved by the addition of a phenol such as /3-naphthol. 

Add 200 ml of concentrated sulfuric acid to 25 ml of water and allow 
the diluted acid to cool. Place 20 g of pure cuprous oxide (prepared 
as described below) in a mortar and triturate it with the acid until all 
the oxide is in suspension. Then add the /S-naphthol and triturate in 
the same way. Filter off unmixed particles of the naphthol by filtering 
through glass wool. Transfer to the absorption pi pet, keep at a tempera- 
ture above 15®, and protect from the light. 

To prepare the cuprous oxide in a condition such that it forms a good suspension, 
dissolve 100 g of cupric acetate by heating with 1 1 of water in a 2-1 flask. Filter if 
necessary. Meanwhile dissolve 60 g of glucose in 4(K) ml of water and add this 
solution to the boiling cupric acetate solution. Boil until the blue color fades some- 
what, allow to stand until the cuprous oxide has settled, filter, wash a few times 
with water and once with alcohol, and dry in a vacuum desiccator or, less suitably, 
in an oven at 90° to 100°. 

The above cuprous oxide suspension absorbs CO to form CuaS 04 - 2 C 0 , which is 
more stable than the corresponding chlorine compound. The mixture, prepared 
as above described, will absorb about 18 times its own volume of CO. F'or rapid 
work, two pipets can be used in series, one containing cuprous chloride and one con- 
taining cuprous oxide. Gases rich in CO should be treated first with the CU 2 CI 2 
reagent and then with the cuprous oxide susrxinsion. This last reagent absorbs 
ethylene, propylene, butylene, some acetylene, and a little oxygen but does not 
absorb methane or its homologs, hydrogen, or nitrogen. 

Determination of Carbon Monoxide by Combustion with Air or Oxygen 

The following reaction shows how carbon monoxide may be deter- 
mined by combustion : 2CO + 02 = 2 CO 2 . 

2 voIb. 1 vol. 2 vote. 

* Treadwell and Stokes, Ber., 21, 3131 (1888). 

* The Gas World, 82, 101 (1925). 
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From the reaction it follows that:' 

1. The difference in the volume of the gas mixture before and after 
the combustion is, for 2 volumes CO, 3 — 2 = 1; and for 1 volume 
CO = 3^. This difference is designated as the contraction, Vc. 
The contraction caused by the combustion of carbon monoxide iSy thereforey 
equal to half the original vohime of CO. 

2. The volume of the carbon dioxide formed is equal to the volume of 
the carbon monoxide originally present. If, then, the carbon dioxide 
is determined by absorption with caustic potash, the volume of the 
carbon monoxide is at once obtained, provided that no other com- 
bustible gas containing carbon is present at the same time. 

3. For the combustion of 2 volumes of CO, 1 volume of oxygen is 
necessary, and consequently the amount of oxygen consumed is equal to 
half the volume of the carbon monoxide. 

Methods of Effecting the Combustion 

The combustion of the carbon monoxide can be carried out in several 
different ways: (1) by explosion; (2) by conducting the gas over 

glowing palladium or platinum; (3) 
by conducting the gas over copper 
oxide. 

Combustion by Explosion. Mix the 
gas with a sufficient amount of air 
in a gas buret, and connect the buret 
by means of the capillary E with 
the HempePs explosion pipet shown 
in Fig. 107. Drive over the gas into 
the pipet so that the capillary is 
entirely filled with mercury, close the 
stopcocks of the capillary and of the 
explosion pipet, and cause an electric 
spark to pass between the two plati- 
num points which are fused into the 
glass walls of the pipet; this immediately causes an explosion to take 
place. Afterwards once more drive the gas back into the measuring 
buret, and again determine its volume. The difference in volume be- 
fore and after the explosion represents the contraction. 

This most excellent method can sometimes lead to erroneous results. 

^ These are molar volumes. Allowing for the difference in molar volumes, the 
equation reads: 

44.79 I of CO react with 22.39 1 of oxygen to form 44.62 1 of CO 2 (cf. p. 716), 
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In practice, it is usually desired to determine the amount of com- 
bustible gas in a mixture containing nitrogen ol)tained after treat- 
ment with the different absorbents. If the amount of combustil)le gas 
present is too small in proportion to the amount of non-combustible 
gas, there will be no combustion whatsoever; on the other hand, if this 
relation is too large, a part of the nitrogen will be burnt to nitric acid 
(hydrogen is usually present). According to Bunsen, the combustion 
is complete when 30 volumes of combustible gas is present for each 100 
volumes of non-combustible gas. 

The combustion of carbon monoxide alone from a mixture of this gas 
with hydrogen, methane, and air can l)e effected satisfactorily as follows: 

After the gas has been freed from CO 2 , unsaturated hydrocarbons, 
and aqueous vapor, conduct it through a U-tube^ containing 00-70 g of 
pure iodine pentoxide^ heated to 100°; by this means the carbon mon- 
oxide is alone oxidized with liberation of iodine according to the eciuation 
I2O5 + 5CO = 5 CO 2 + l 2 .^ If the gas is now conducted through two 
P^ligot tubes containing potassium iodide solution, the iodine will be 
absorbed and can be titrated at the end of the experiment with 0.1 
sodium thiosulfate solution. 

One milliliter 0,5 N Na.iSiOa solution corresponds to 5.6 ml CO, 
measured under standard conditions. 

If, after the carbon dioxide and water have once more been removed, 
the gas is passed through a combustion tube half filled with copper 
oxide and half with platinized a.sbcstos, both heated to dark redness, 
the hydrogen and methane will be completely burned to water and car- 
bon dioxide, which can be absorbed and weighed as before. From the 
amounts of each, the hydrogen and methane present in the gas can be 
calculated. 

8. Hydrogen, H. Mol. Wt. 2.016 

Density = 0.06960 < (air = 1). Weight of 1 1 = 0.08998 g 
Molar volume = 22.405 1. Critical temperature = -238° 

Hydrogen is practically insoluble in water. 


1 The Il-tube is heated in a small paraffin bath. 

* Iodine pentoxide is prepared by heating iodic acid in a current of dry air a« 

180 ° until the water is completely removed. w 

« Nicloux, C<mpt. rend; 126, 746; Kinnicutt, J. Am. 14; Marcelet 

Z. anal. Chem., 80, 315 (1911); Morgan, J. Am. Chem. Soc., 29, 1589, V. Froeb^se, 
Z anal Chem 64 (1915); Sinatt and Cramer, Z. angew. them., 1916, Ref. 9, 
A. Seli ra’p W Meirve, Hyg. Lab. BuU., 92, Washington, 1914; Moser and 

Schmidt, Z. anal. Chem., 1914, 217. 

* Lord Rayleigh, Proc. Roy. Soc., 63, 1134 (1893). 
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ABSORPTION COEFFICIENTS OF HYDROGEN FOR WATER* 


Temperature 

0 

Temperature 


0° 

0.02148 

0.02044 

0.01955 

0.01883 

0.01819 

0.01754 

30° 

0.01699 

0.01666 

0.01644 

0.01624 

0.01608 

0.01604 

5° 

35° 

10° 

40° 

15° 

45° 

20° 

50° 

25° 

55° 




* L. W. Winkler, flcr., 24 , 99 (1891). 


(a) Determination by Absorption. Method of Paal and Hartmann^ 

Colloidal palladium, in the presence of a protective colloid, sodium 
protalbinate, is capable of absorbing an enormous quantity of hydro- 
gen. The absorption takes place slowly but quantitatively. The 
absorbent can be regenerated, after each experiment, by treatment 
with oxygen or by adding an easily reducible organic substance. Paal 
and Hartmann made use of sodium picrate for this purpose ; the picric 
acid is 'reduced to triaminophenol : 

C6H2(0H)(N02)3 + 9H2 = C6H2(0H)(NH2)3 + 6H2O 

According to the experiments of Brunck^ a solution of 2 g colloidal 
palladium and 5 g of picric acid di.ssolved in 22 ml of N sodium hy- 
droxide diluted to 100-110 ml with water is a suitable absorbent. 
Such a solution can be purchased. The above quantity of reagent 
should absorb about 4 1 of hydrogen; about 20-30 minutes, with 
repeated shaking, is required for the absorption. The reagent is useful 
for determining hydrogen in the presence of saturated hydrocarbons. 

As soon as the efficiency of the absorbent is lost, rinse out the contents 
of the absorption pipet with water and add dilute sulfuric acid as long 
as any precipitate forms but avoid too much excess which tends to 
cause the palladium sol to go into solution as palladous sulfate, as a 
result of atmospheric oxidation. The precipitate of solid palladium 
and protalbinic acid also contains picric acid. Wash with water, which 
removes some of the acids but no palladium. Then suspend the mass 
in water and add sodium hydroxide solution, dropwise, until a col- 
loidal solution is obtained. Finally add the proper quantity of sodium 
picrate and the absorbent is ready for use again. 


1 Rer., 43 , 243 (1910). 

* Chem, Zig., 1910 , 1313 and 1331. 
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Some chemists have had good results with palladiiiinizcd asbestos. To prepare 
this, dissolve 1 g of the metal in a small beaker with 2 ml of eoneentratod HNO3 and 
1 of concentrated HCl. Add the acid slowly while gently heating. Evaporate to 
dryness on the steam bath and dissolve the residual PdCb in a very little water. 
Add 4 ml of a cold saturated solution of sodium formate, HCOONa, and make 
strongly basic by adding NaaCO^. Add about 1 g of soft, long-tiber asbestos, puri- 
fied by heating strongly, treating with hydrochloric acid, washing, drying, and 
again heating at a low temperature. After the asbestos is well impregnated with the 
solution, dry it at 105°. Wash again with water to remove all sodium salts, and dry. 
Pack the dried asbestos in tubing of 10- to 12-cm length and 7.5- to 10-cm bore with 
capillary tubing of l-mrn bore fused to both ends. Fuse on the last end after the 
filling of the larger tubing. To determine hydrogen mix a measured volume of the 
gas, which has been freed from CO, with twice as much o.xygen as is necessary to 
unite with the hydrogen to form water. Pass the mixture through the absorbent 
at a rate of about 15 ml per minute with its container heated to about 100° in a water 
bath. Pass the gas more slowly if the asbestos shows any signs of glowing, because 
CH4 and C2H6 are oxidized by the reagent at 200°. In this procedure, the absorp- 
tion of the hydrogen is really a combu.stion. Objection to the use of palladium in 
any form as an absorbent is based on the fact that some water is always likely to be 
formed when oxygen is present. 


(b) Determination by Combustion 

Mix a measured volume of the gas with more than half as much 
oxygen and burn the hydrogen by one of the following methods. The 
hydrogen can be determined by measuring the contraction in total 
volume. 

2H2 + 02 = 2PI2O 

2 vols. 1 vol. 0 vol. 

It is evident that, by the combustion of 2 volumes of hydrogen, 
3 volumes of gas will disappear (the water formed occupies a neg- 
ligible volume). The contraction, therefore, is equal to % the volume 
of the hydrogen consumed. If the contraction is denoted by Vc and 
the volume of the hydrogen by F//, then Vc — %Vh, and consequently 
Vh = %Vc. Since the molar volumes of hydrogen and oxygen are 
practically the same, this last statement is tnie without any correction. 

In many cases the weight of the water formed is determined by 
absorption in weighed calcium chloride tubes; from the gain in weight, 

22,405 

p, the volume of hydrogen is computed as follows: X p — 

1243 X p ml hydrogen under standard conditions. 
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Combustion of Hydrogen with Copper Oxide^ 

In the ultimate analysis of organic compounds (cf. p. 354) the hydrogen is almost 
always determined by passing the vapors over glowing copper oxide. Suitable 
apparatus has been devised for the application of the same principle to gas analysis. 
The explosion method (cf. Fig. 107, p. 704) is often used for determining hydrogen 
and methane, but the most convenient one is the sloiv-combustion method which 
will be considered after the combustion with copper oxide has been explained. 

The Copper Oxide Tube. This tube is made of Pyrex-glass tubing bent into a 
shape which reminds one of an inverted Gooch crucible funnel (cf. p. 30). The 
tubing has an outside diameter of 7 mm and an inside diameter of about 4 mm. The 
entire apparatus is about 18 cm long, 6.25 cm wide at the bottom, and the legs, 
which are shaped like the stem of a Gooch crucible funnel, start at 4.4 cm from the 
bottom and are only about 2 mm apart. The vertical legs of this elongated U- 
shaped tubing is filled, to the first bend in each leg, with fine-wire copper oxide con- 
taining particles of metallic copper evenly distributed throughout the charge. The 
metallic copper acts as a catalyzer, and without it the combustion is too slow, par- 
ticularly when the tube is first used. Next to the copper oxide mixture, in the nearly 
horizontal parts of both legs, there is a packing of fine glass wool, but the widely 
separated vertical legs of the apparatus, which correspond to the sides of the cup of a 
Gooch funnel, are left empty. The tube is provided with a blower through which 
compressed air can be led to cool it after each combustion. 

An electric heater is provided for heating the copper oxide. The heating element 
is coiled upon an Alundiim core which is insulated from the brass jacket with Silocel 
or a mixture of sodium silicate, magnesium oxide, and asbestos. A thermometer is 
provided, and the temperature of the copper oxide must be kept a little under 310® 
during a combustion. The heating element is placed in series with a rheostat of 
suitable resistance and amperage so that the furnace can be heated to 300® within 
20 minutes and kept at this temperature within 5® for any length of time. 

To carry out a combustion, turn on the switch and adjust the rheostat so that, 
by the time the tube is needed, the temperature will be between 290® and 310®. 
Then, after the gas has been mixed with a measured volume of oxygen, drive over 
the mixture into the manifold as far as the first stopcock which leads to the copper 
oxide tube. Place the heater over the tube and turn the stopcock nearest the buret 
to connect it with the copper oxide tube. Raise the leveling bottle on the buret 
and slightly lower the one connected to a so-called slow-combustion pipet. 

The slow-cornbustion pipet is made of Pyrex glass and has a capacity of 170-180 
ml with the stopper inserted. It is provided with an electrically heated coil, and 
in it the combustion of the gas can take place. In the present case, it is used merely 
for storage and to effect the transfer of the gas to the copper oxide tube at the proper 
rate. The pipet can be obtained from dealers in chemical apparatus with full 
directions regarding its use. 

Turn the stopcock above the slow-combustion pipet to connect this vessel with the 
copper oxide tube, and turn the second stopcock slowly so that the gas enters 

^ This and the following procedure are adapted from Methods of the Chemists of the 
United States Steel Corporation for the Sampling and Analysis of Gases, published by 
the Carnegie Steel Company of Pittsburgh, Pa. The booklet is inexpensive and 
should be in the hands of all chemists engaged in the technical analysis of gases. It 
contains about 25 illustrations of modern apparatus besides many useful procedures 
and tables. 
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the copper oxide tube at the rate of about 15 ml per minute. When the liquid 
in the buret has reached the tube, lower the leveling bottle of the buret and draw 
back the gas at the same rate. Draw the gas back and forth several times. Next 
raise the heater and cool off the copper oxide tube with compressed air. When the 
tube reaches room temperature, return the gas to the buret and measure the 
volume. The copper oxide becomes exhausted eventually but can be revivified by 
heating to 350° and passing air through the tube several times. 

Slow-Combustion Method. Transfer a suitaldc measured volume of oxygen to 
the slow-combustion pipet under slightly reduced pressure. Turn the dial on the 
rheostat to the line marked “ Start Here ” and pull the switch to the place marked 
“ Slow Comb.'' Now slowly turn the dial on the rheostat in a clockwise direction 
until the coil is bright yellow in color and adjust the valve on the air line to the blower 
so that sufficient cold air is blown against the top of the buret to keep the top cooh 
Then turn the stopcocks so that air slowly enters the pipet. If the content of com- 
bustible gas is high, the gas should ignite at once, but if the content is low and mostly 
hydrogen, the actual combustion may not be noticeable. Gases containing hydro- 
gen will ignite and burn with the coil at a much lower temperature than those from 
which hydrogen is absent, probably as a result of the catalytic action of platinum 
on the combustion of hydrogen. When the gas is all out of the buret, adjust the 
leveling bottle so that the gas returns to the buret and is passed back and forth over 
the hot coil several times. 


9. Methane, CH 4 . Mol. Wt. 16.04 

Density = 0.5545 (air = 1). Weight of 1 1 = 0.7168 g 
Molar volume == 22.36 1. Critical temperature = — 82°C 

ABSORPTION COEFFICIENTS OF METHANE FOR WATER* 


Temperature 

0 

Temperature 


0° ... 

0.05563 

0.04805 

0.04177 

0.03690 

0.03308 

0.03006 

30° 

0.02762 

0.02546 

0.02369 

0.02238 

0.02134 

0.02038 


35° 


40° 

1.*;° 

45° 

20° 

50° 


55° 




*L. W. Winkler, Ber. 34 , 1419, (1901). 


In alcohol, methane is about 10 times as soluble as it is in water. 
Inasmuch as no satisfactory absorbent for methane is known, it is 
always determined by combustion. From the equation representing 
the combustion, CH, + 2 O 2 = CO 2 + 2 H 2 O, the following deductions 

1 vol. +2 vols. 1 vol. 0 vol. 

can be made: 

1. Contraction. The contraction caused by the combustion of 
methane is equal to twice its original volume. 

2. Carbon Dioxide. By the combustion of methane an equal vol- 
ume of carbon dioxide is produced. 
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3. Oxygen Consumed. For the combustion of 1 volume of methane 
2 volumes of oxygen is necessary. 

In these assumptions, however, it should be borne in mind that the 
molar volume of CH4 = 22.36 1, that of O2 = 22.39 1, that of CO2 = 
22.26 1, and the gas is saturated with moisture. Actually the above 
equation reads: 22.36 1 of methane reacts with 22.39 1 of oxygen to form 
22.26 1 of carbon dioxide which is saturated with moisture. Cf. p. 715. 

ANALYSIS OF ILLUMINATING AND PRODUCER GASES 

The analysis of all such gases can be accomplished either by the 
method of Hempeh or by that of Drehschmidt.^ 

HempePs Method 

HempePs apparatus is shown in Fig. 101, p. 679. It consists of a 
eudiometer, IF, with 0.2-ml graduations and connected by means of 
rubber tubing with the leveling bulb K, The eudiometer is also con- 
nected with the compensation tube Z), which in turn is connected with 
a manometer C; both the tubes W and D are 
surrounded by a cylinder containing water. 

Calibration of the Apparatus. First fill the 
manometer tube with mercury by raising the 
leveling bulb K with the stopcock P in the 
position shown in Fig. 101, so that there is an 
open connection between W and c. Allow the 
mercury to pass over into C until the mark mm 
is reached. Then determine the volume of the 
manometer tube from the mark m to the point 
a (Fig. 101) as follows: 

By carefully lowering the bulb K draw the 
mercury over into C exactly to the point a when 
the stopcock P is closed. Allow a little air to 
enter into the eudiometer through the right- 
hand capillary tube above P (the tube E should 
be withdrawn as in Fig. 108). Place the level- 
ing bulb K upon a solid support so that the 
Fig. 108. mercury level in it is at the same height as in 

Wf and with the stopcock P still open, read the 
position of the mercury in W. Close the stopcock, raise K a little, 
and turn P to the position shown in Fig. 101. By raising K still higher, 



^ Gasanalytiache Methoden (1900). 
*Rer., 21 , 3242 (1888). 
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drive the air over into the manometer tube C until the mercury has 
exactly reached the mark m, then close the stopcock A (Fig. 101). 
Then adjust the position of the mercury by turning the stopcock p one 
way or the other, and once more read the position of the mercury in W. 
The difference between the two readings represents the volume of the 
tube between the marks m and a, an amount which must be added to 
all subsequent readings. 

Introduce a drop of water at c, by means of a fine pipet, into the com- 
pensation tube D and either fuse together the end of the tube, or close 
with a cork stopper and make air-tight with sealing wiix. 

Procedure for the Analysis. If the analysis is to be carried out on 
the spot, collect a large sample of the gas in a Drehschmidt pipet (Fig. 
101 S). To accomplish this, connect the capillary tube E' by means 
of rubber tubing with the source of the gas, and turn the stopcock M 
so that the tube E' is in connection with the bulb of the pipet with the 
leveling bulb and the stopcock s open. Fill the pipet with the gas, 
then turn the stopcock M so that it communicates with the outer air, 
and completely expel the gas from the pipet. In this way draw the 
gas in and out of the pipet at least 3 times to make sure that all foreign 
gas (air) is removed from the rubber tubing. Then collect the sample 
of gas and close the two stopcocks M and s. 

In order to bring the gas to be tested from the Drehschmidt pipet 
into the eudiometer, connect the two instruments by means of the 
capillary E' (imagine the capillary E in Fig. 101, p. 079, to be replaced 
by E') and firmly wire the rubber connections to the glass. Turn the 
stopcock M to the position shown in Fig. 101, raise the leveling bulb K 
(after previously causing the mercury in the manometer tube to reach 
to the point a) and fill the buret with mercury until it begins to flow 
from out of the tip of the key at M ; then close the cocks A and p. 
Turn the cock M so that the pipet S and the buret W are in connection, 
raise X', open s, lower K, and open both p and A . 

After about 40 ml of the gas has passed over into the eudiometer, 
close the cocks A and Af , dip the key of the stopcock M (which must be 
entirely filled with mercury) into a beaker containing mercury, and 
suck the gas in the capillary into W by lowering K and opening A 
and p. As soon as the capillary E is entirely filled with mercury, close 
Af p, and finally M, 

Now determine the volume of the gas in W as follows: Open A and 
raise K so that the mercury in the bulb is a little higher than it is in W, 
After this open p and drive the gas over towards C until the mercury 
in both arms of the manometer tube is at about the same height; then 
close A immediately. Make the last fine adjustment of the mercury 
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levels within the tubes by closing or opening the screw cock Q. Read 
the volume of the gas/ and to the reading add the correction corre^ 
sponding to the volume between the marks M and a. 

From this point the analysis begins. 

1. Determination of Carbon Dioxide 

With the stopcock p closed, turn the cock M as shown in Fig. 101, 
remove the Drehschmidt pipet, and replace by a second, clean pipet 
completely filled with mercury. On connecting the stopcock M with 
the rubber connector of the capillary E\ it should be in the position 
shown in the drawing. By this means the mercury in the rubber 
tubing can flow out through the key. After wiring the rubber tightly 
to the glass, introduce 3-5 ml of caustic potash solution (1 : 2) through 
the key into the pipet M and wash out the alkali in the capillary with 
about 2 ml of distilled water and then with a little mercury; after 
this drive over the gas itself into the pipet. When the mercury has 
filled the whole capillary, both to the right and left of M, close A, p, 
and M. Raise the bulb K' so that extra pressure is placed upon the 
gas in the pipet, and close s. Gently shake the pipet for 3 minutes with- 
out disconnecting it from the eudiometer, after which return the gas 
to W as follows: Open AT, p, and A; lower K; raise K'] and open s. 
When almost all the gas has been driven out of the. pipet, close M, 
p. A, and Q; place the leveling bulb on the table below, and K' upon 
the support (missing from Fig. 101, but shown in Fig. 108) upon which 
the pipet itself rests. Now open M, p. A, and 5, and screw up Q a 
little so that the gas is very slowly sucked into the buret. As soon as 
the caustic potash solution has reached Af, close it. Now remove the 
gas remaining in the capillary to the left of M by sucking mercury 
through the key of M into W, Finally read the volume of the unab- 
sorbed gas in the same way as before. The difference between the two 
readings represents the volume of CO 2 . 

2. Determination of the Heavy Hydrocarbons or Illuminants 

Remove the pipet containing the caustic potash solution and replace 
it with another containing fuming sulfuric acid.^ Drive the gas over 


^ The reading is best made with the help of a small telescope, the ocular of which 
is provided with cross hairs. For this purpose the telescope connected with a 
Bunsen spectroscope is suitable. 

* In this pipet the bulb tube K' is fused on to the absorption bulb, so that it is 
a little higher than the latter, in the same way as in the Hempel pipet (Fig. 111). 
Mercury is acted upon by fuming sulfuric acid. 
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into the latter, and allow to stand with occasional passes to and fro, 
for 45 minutes, then empty the pipet in precisely the same way as before. 
Return the gas to the pipet containing the caustic potash solution in 
order to remove the acid vapors, and finally transfer to the buret W 
and read its volume. The difference before and after the treatment 
with fuming sulfuric acid represents the sum of the heavy hydrocarbons 
or illuminants (C2H4, CeHe, C2H2, etc.). It is not usually customary 
to attempt to separate the benzene from the ethylene. 

3. Determination of Oxygen 

Carry out this part of the analysis in exactly the same way as the 
determination of the CO 2 , but using an alkaline solution of pyrogallol 
in the absorption pipet (cf. p. 698). 

4. Determination of Carbon Monoxide 

The determination of carbon monoxide may be effected either by 
absorption with ommoniacal cuprous chloride or by simultaneous com- 
bustion with hydrogen and methane. 

For the absorption method, the procedure is the same as in the deter- 
mination of the heavy hydrocarbons, i.e., the absorption is effected in a 
pipet containing only ammoniacal cuprous chloride (no mercury). 
Shake the gas for 3 minutes with a solution of cuprous chloride which 
has already been used and then the same length of time with a fresh, or 
little used, solution (cf. p. 703). Before reading the volume of the 
unabsorbed gas, free it from ammonia vapors, by shaking with 4 N 
hydrochloric acid in a Drehschmidt pipet. 

6. Determination of Hydrogen and Methane 

After the removal of the carbon monoxide, the gas may consist of 
hydrogen, methane, and nitrogen. Add an excess of oxygen to this 
mixture (with illuminating gas twice its volume; with water gas and 
producer gas only a little more than half as much oxygen is necessary). 
Connect the eudiometer W with a Drehschmidt pipet entirely filled 
with pure mercury,^ using a Drehschmidt platinum capillary (Fig. 101 7, 
p. 679) ; heat to bright redness with the non-luminous flame of a Teclu 
burner, taking care that the inner flame mantle does not come in 

' There must be no trace of caustic potash in the pipet because then CO 2 would 
be absorbed and an inaccurate result would be obtained. To make sure that all 
the alkali is removed, wash the pipet first with water, then with hydrochloric acid, 
and finally with water once more. 
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contact with the platinum. Pass the gas mixture 3 times in a slow 
stream through the hot platinum tube, but take care that no mercury 
enters the tube. Then measure the volume of the burned gas with- 
out removing the platinum capillary, and determine the carbon dioxide 
by introducing some caustic potash into the pipet and shaking the gas 
with it; after 3 minutes’ shaking, return the unabsorbed gas to the 
eudiometer, closing the stopcock M as soon as the caustic potash 
solution reaches it. 


Calculation of Hydrogen and Methane 


Assume V ml of gas to, be taken for the analysis. The residue re- 
maining after the absorption of the CO2, CnH2n, O2, and CO is mixed 
with oxygen and burned. The contraction produced is Vc, and the 
CO2 formed amounted to Vk- 

It was shown on p. 709 that the volume of the methane is equal to 


the volume of the CO2 formed, Vk, and in percentage: — X 100 = 


per cent CH4. 

Since, by the combustion of 1 volume of CH4, 2 volumes of gas dis- 
appear, it is evident that by the combustion of Vk ml of CH4 the con- 
tractioh will amount to 2Vk. 

If the latter value be subtracted from the total contraction Vc, the 
difference represents the contraction caused by the combustion of the 
hydrogen present (Vc — 2Vk), and two-thirds of this represents 

(Yc - 2Vk) 

the amount of hydrogen. Therefore 200 — = per cent H. 

Slight errors are introduced unless the differences in molar volumes are 
considered and the fact that the gas is moist from the water formed 
(cf. p. 686). 


Determination of Carbon Monoxide, Methane, and Hydrogen 
by Combustion 

After the absorption of the CO2, CnH2n, and O2, the residual gas 
consists of CO, CH4, H2, and N2. Add a measured volume of oxygen,^ 
explode the mixture, and determine both the contraction, Pc, and the 

^ The purity of the oxygen must be tested before the analysis, because the com- 
mercial product almost always contains nitrogen. To a measured volume of nitro- 
gen add a definite amount of oxygen, as otherwise the amount of the residual gas 
might be too small to fill the manometer tube between the marks a and m (Fig. 101). 
Prepare the nitrogen by allowing air to stand over phosphorus in a Hempel pipet. 
(Cf. p. 698.) 
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carbon dioxide formed, After this determine the unused oxygen 
by absorption with alkaline pyrogallol solution. If the excess of oxy- 
gen is subtracted from the amount originally added, the difference will 
give the amount of oxygen necessary for the combustion, Vq. 

If the volume of CO is denoted by x, the CH 4 by y, and finally the 
H 2 by Zj the following three independent equations hold true: 

1 . Vc = %x + 2y + %z 

2. Vk = X + y 

3. Vo == }4x + 2y + 
and from these equations 

a: = %Vk + %Vc ~ To = COi 
y = Vo = \i{VK + Vc) = CH4 
z = Vc- Vo = IT 2 


^ According to A. Wohl (Ber., 1904, 433) the results are not quite accurate when 
obtained in this way because the molar volume does not always equal the assumed 
value of 22.41 1. Nernst, in his book, Theoretical Chemistry ^ gives the following 
molar volumes: 

For 1 g mole of the gas, or referred to oxygen 


H 2 = 22.43 1 
Oa = 22.39 1 
CO = 22.39 1 
CH 4 - 22.44 1 
CO 2 = 22.26 1 


H 2 = 1.0017 
O2 = 1.0000 
CO = 1.0000 
CH4 == 1.0020 
CO 2 = 0.9939 


Taking these values into consideration, A. Wohl obtains for xCO, yCH 4 , and eHj, 
the following formulas: 

X = 0.3329Fc - Fo + 1.3394Fic 
y = -0.3336Fc7 + I.OO 2 OF 0 - 0.3340F/C 
2 = l.OOOSFc - 1.0017Fo - O.OOCOFjc 

F. Haber {Thermodynamik techn. Gasreaktionen) sees no reason for modifying the 
Bunsen formulas in this way, for, when a combustion analysis is carried out by ex- 
plosion, the volume of gas after the explosion is so poor in carbon dioxide that the 
partial pressure of the latter does not vary much from that of an ideal gas and, 
therefore, follows Avogadro’s rule. 

It is quite another matter with mixtures rich in carbon dioxide, as often occur in 
gas-volumetric analyses. In such mixtures the weight of carbon dioxide (or of 
carbonate) is computed from the volume of the gas and accurate values are obtained 
by using the actual molar volume of 22.26 for this gas (see p. 330). 

The necessity of using the actual molar volume instead of the theoretical value 
has been shown by Treadwell and Christie (Z. angew. Chem.t 1905, 1930) for chlorine. 
With other vapors (NHs, HCl, SO 2 , N 2 O) the observed molar volume should also 
be used. 
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Analysis according to H. Drehschmidt^ 

The apparatus of Drehschmidt, like that of Hempel, consists of the 
gas buret B and the compensation tube C, both of which are contained 
in a cylinder filled with water (Fig. 109). 

Through the stopcocks a and 6, connect 5 and C, by means of capil- 
lary glass tubing containing a drop of a colored solution (indigo and 



Fig. 109. 


sulfuric acid) ; in order to determine the position of the solution, the cap- 
illary is provided with a millimeter graduation. The three-way cock a 
can be turned so that C connects with the outer air or with the capillary, 
or so that the capillary is in connection with the air; it has an opening 
through the top of the key. The cock h has a right-angled boring like 


iJ5cr., 21 3242, (1888). 
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H, Fig. 101. The buret is divided into millimeters and must be cali- 
brated with mercury before using. The apparatus is used in the same 
way as described under the Hempel method, p. 710. 

TECHNICAL GAS ANALYSIS 
Method of Hempel 

The apparatus necessary is shown in Fig. 110, It 
consists of a long measuring tube ending at the top in 
a thick- walled capillary tube and connected at the 
bottom by means of rubber tubing about a meter long 
with the leveling tube. 

The gas is confined over water which has been satu- 
rated with the gas to be examined, and the absorption 
is effected in HempePs absorption pipets such as are 
shown in Figs. Ill, 112, 113, and 114. Figure 111 
represents a simple pipet for liquid absorbents, and 
Fig. 112 shows a compound absorption pipet. This is 
used for solutions which undergo change on exposure 
to the air, e.g., an alkaline solution of pyrogallol, or 
an ammoniacal cuprous chloride solution. The liquid 
in the two right-hand bulbs serves to protect the solu- 
tions on the left. Figure 113 shows the pipet used for 
fuming sulfuric acid. The small bulb is filled by the 



Fig. 111. Fig. 112. 


glass blower with glass beads, which serve to give to the sulfuric acid 
the largest possible surface, so that the absorption is effected much 
more readily. Figure 114 is a pipet used for solid absorbents, such 
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as phosphorus. In order to fill it with phosphorus, hold the pipet 
upside down, fill the cylindrical part with distilled water, and introduce 
small sticks of colorless phosphorus. After filling the pipet, insert the 




rubber stopper, place the apparatus right side up, pour water into the 
bulb, and remove any air bubbles in the cylindrical part of the pipet by 
blowing through the bulb until the water flows out from the top of the 
left-hand capillary; then close by means of rubber tubing and a pinch- 
cock. 


Analysis of lUuminating Gas 

First, prepare the confining liquid by conducting the gas through 
distilled water in a wash bottle for several minutes with constant shaking. 

Completely fill the gas buret with this liquid and then close the upper 
rubber tubing with a pinchcock. To fill the buret with gas, connect 
the receiver with the buret by a piece of rubber tubing through which 
the gas has been flowing for 2 or 3 minutes, lower the leveling tube, 
open the pinchcock, and allow a little more than 100 ml of the gas 
to flow into the buret. Now close the upper cock, raise the leveling 
tube until the lower meniscus of the confining liquid is exactly at the 
100-ml mark, then close the rubber between the leveling tube and the 
buret with a pinchcock placed near the buret, and allow the apparatus 
to stand until the water no longer rises in the buret; this requires 2-3 
minutes. When the water is stationary, carefully open the lower 
pinchcock (for there is excess pressure in the buret) which causes the 
water level to sink. When the 100-ml mark is again reached, close 
this cock, and open the upper pinchcock an instant to allow the excess 
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of gas to escape and then immediately close. To make sure that the 
buret contains exactly 100 ml of the gas, open the lower pinchcock, 
and after bringing the water in the leveling tube to the same height 
as in the buret, take the readings the lowest point of the meniscus 
should coincide exactly with the 100-ml mark of the buret. Finally 
close the lower pinchcock. 

1. Determination of Carbon Dioxide 

Connect the buret with a pipet such as is shown in Fig. Ill containing 
caustic potash solution, by means of a capillary filled with water, raise 
the leveling tube, open first the lower pinchcock and then the upper one,i 
and drive the gas over into the pipet. The confining liquid should now 
fill the entire capillary. Close the upper pinchcock and shake the 
pipet and its contents for 3 minutes.^ Return the gas to the buret, 
taking care that none of the alkali enters with it. 

Bring the liquid in the leveling tube to the same level as that in the 
buret; close the lower pinchcock, and after the water has completely 
drained from the sides of the tube, read the volume of the unabsorbed 
gas. 

2. Determination of the Heavy Hydrocarbons, or Illuminants, CnHgn 

Connect the buret by a dry, empty capillary with sulfuric acid pipet 
(Fig. 112) and pass the gas back and forth 4 times, taking care that no 
water enters the pipet and that the sulfuric acid docs not reach the 
rubber connection. 

Before the experiment mark the position of the sulfuric acid upon 
the milk-glass plate back of the pipet; at the end of the experiment 
the acid must come to the same mark. The gas in the buret is now 
contaminated with acid vapors which are removed by passing it into 
the potash pipet, afterwards returning it to the buret. 

3. Determination of Oxygen 

This can be effected by shaking the gas in the compound pipet with 
alkaline pyrogallol solution, but far preferably by means of phosphorus. 
In the latter case, drive the gas over into the phosphorus pipet and 

' ^ In the figure this pinchcock is lacking. 

* The absorption takes place more rapidly with one of Hempel’s newer pipets, 
which are similar to the one shown in Fig. 112, except that the right-hand bulb is 
replaced by a movable leveling bulb, as in Fig. 101. The latter is filled with mercury, 
upon which the liquid absorbent floats. For the absorption of CO 2 , it is necessary 
to pass the gas back and forth only once. 
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allow it to remain there until the white vapors disappear; this usually 
requires but 3-4 minutes (cf. p. 698). If no white vapors can be de- 
tected, this shows conclusively that the absorption of the heavy hydro- 
carbons was incomplete (cf. p. 699). In such a case, the gas must be 
again treated with sulfuric acid and afterwards with phosphorus. If 
no white fumes are then formed, no oxygen is present, a condition which 
practically never occurs, for in the determination of the hydrocarbons 
a little air containing oxygen always reaches the gas from the small 
capillary. 


4. Determination of Carbon Monoxide 

Shake the gas 3 minutes with an old solution of ammoniacal cuprous 
chloride and then the same length of time with a fresh solution. (See 
pp. 703, 713.) 


6. Determination of Hydrogen and Methane 

After the absorption of the carbon monoxide place the residual gas 
in the hydrochloric acid pipet and wash the buret with hydrochloric 
acid to remove traces of alkali, and then fill with distilled water. 

(a) Transfer 15-16 ml of the gas in the hydrochloric acid pipet to the 
buret, and, after reading its volume, drive it over into an explosion pipet 
containing mercury (Fig, 107, p. 704). Accurately measure 100 ml of 
air (containing 20.9 ml of oxygen) in the buret and add to the contents 
of the explosion pipet. Then close the pipet by a pinchcock, mix 
the contents of the pipet by shaking, lower the leveling tube so that 
the gas is placed under reduced pressure, and close the glass stopcock 
of the pipet. Connect the platinum wires, which are fused in the upper 
part of the bulb, with the poles of a small induction coil so that sparks 
pass between the platinum points within the pipet. The explosion 
at once occurs with a flash without breaking the pipet. Return the 
gas to the buret. Objection has been raised to reading the volume of 
the gas and then determining the amount of carbon dioxide formed, as 
a measure of the amount of methane burned, because the gas in the 
buret is confined over water which absorbs appreciable quantities of 
carbon dioxide. It has been found, however, that the error caused by 
absorption of CO 2 by the water is so slight, during the short time of 
waiting, that it is best to determine the CO 2 with caustic potash after the 
explosion, as Hempel also recommended. (See p. 721.) Finally, de- 
termine the amount of unused oxygen by means of absorption with 
phosphorus. If the excess of oxygen is subtracted from the total volume 
added (20.9 ml), the amount of oxygen required for the combustion is 
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known (To), so that we have two equations from which the amount of 
hydrogen and methane can be computed. 

If X is the volume of the hydrogen and tj the volume of the methane, 
we have 

(1) Vc = %x + (2) Vo = }ix + 2y 

and 

X = %Vc - 2Vo y = Vo- Wc 

The values thus obtained are referred to the total gas residue, and in 
this way the amount of hydrogen and methane present in the illumi- 
nating gas can be determined. 

Great accuracy is naturally not to be expected by such an analysis, 
but the procedure is very satisfactory for an approximate estimation. 

Better results are obtained by the 

(b) Method of Wmkhr-Dennis. In this method, the entire gas residue 
is transferred to a Hcmpcl pipet (Fig. 115) containing mercury and con- 
nected with a leveling bulb. Through the rub- 
ber stopper at the bottom two steel needles 
are inserted (knitting needles), the longer of 
which is enveloped throughout its whole 
length by a glass tube, and the upper end 
is connected, at about three-quarters the 
height of the cylindrical part of the pipet, 
with a thin platinum spiral. 

Connect the pipet with a Ilempel buret 
containing 100 ml of oxygen over water, 
produce a lower pressure in the oxygen 
buret by lowering the leveling tube and then 
closing the rubber tubing with a SQrewcock; 
after this place the leveling tube in a high po- 
sition. Now connect the bottom ends of the Fiq 115, 

two needles of the pipet with the wires of a 

small storage battery of such a strength that the platinum spiral is heated 
to dull redness. By lowering the leveling bulb, reduce the pressure 
in the pipet slightly, and by opening the two upper screwcocks between 
the pipet and the oxygen buret and gradually opening the lower screw- 
cock on the buret conduct a very slow stream of oxygen into the pipet. 
Since a large excess of the gas residue is present at the start, the com- 
bustion takes place quietly; explosions never occur. During the 
combustion the platinum spiral begins to glow more brightly; to pre- 
vent its melting, place a variable resistance in the circuit to regulate 
the strength of current and the glowing of the platinum. 
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As soon as all the oxygen is in the pipet, allow the spiral to glow 2-3 
minutes longer, then stop the electric current and allow the gas to re- 
main in the pipet for 15 minutes so that it will assume the room tempera- 
ture. Then transfer to a Hempel buret and measure its volume. De- 
termine the carbon dioxide in the usual manner. 

Remark. The Winkler-Dennis pipet is open to the objection that the rubber stop- 
per eventually leaks; for this reason the form of apparatus devised by M. Bretschger, 


as shown in Fig. 116, is preferable. 

The gas residue instead of being burned 
according to the Winkler-Dennis method, 
may be conducted over glowing cupric 
oxide (cf. p. 708). 




Orsat’s Apparatus 

For the analysis of flue gases, Orsat has constructed the apparatus 
shown in Fig. 117. It consists of the 100-ml measuring tube B sur- 
rounded by a cylinder containing water, and connected on the one 
hand with three Orsat tubes by means of the cocks, /, //, lily and on 
the other hand with the outer air through the stopcock A. The Orsat 
tube III contains caustic potash solution, II alkaline pyrogallol solu- 
tion, and I ammoniacal cuprous chloride solution. 

Manipulation. By raising the leveling bottle N and opening the 
stopcock hj fill the measuring tube B with water. As soon as the 
water is above the mark in the widened part of the measuring tube. 
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close the rubber tubing between the leveling bottle &nd the measuring 
tube by a pinchcock. Connect a with the source of the gas; draw it 
into the measuring tube by lowering the leveling bottle and opening the 
pinchcock. The U-tube on the left side of the apparatus is filled with 
glass wool and serves as a filter; any smoke being removed from the 
gas to be examined. The sample thus collected is naturally contami- 
nated with the air from the rubber tubing, the U-tube, and the capillary, 
which must be removed. The cock h serves for this purpose and is 
provided with a T-boring. Turn the cock so that the buret communi- 
cates with the outer air through a small tube (not shown in the illus- 
tration), and expel the gas by raising the bottle N. Repeat this procCvSS 
of filling and emptying 3 times, and use the fourth filling of the tube B 
for the analysis. Bring the gas in the buret to the zero mark, and 
place it under atmospheric pressure by quickly opening and then closing 
h. After this drive over the gas into the potash bulb and back again to 
the measuring tube several times, until there is no further absorption; 
after this again read the volume of the gas. In the same way pass 
the gas successively into the pyrogallol and the cuprous chloride tubes, 
thus obtaining the volumes of CO2, O2, and CO in the gas. 

The chemists of the United States Steel Corporation analyze various gas mixtures 
daily. Blast-furnace gas, coke-oven gas, producer gas, natural gas, and flue gas 
are analyzed regularly, and the chemists are frequently called upon to analyze sewer 
gas, mine air, water gas, exhaust gas, compressed fuel gas, compressed oxygen, com- 
pressed nitrogen, nitrogen and hydrogen mixtures, etc. They have devised an 
apparatus of the Orsat type which has proved satisfactory for the examination of 
all these gases in the laboratory. They also use a portable Orsat apparatus which 
is very similar to that shown in Fig. 117. The larger laboratory apparatus has 
many distinct improvements. It has, for example, three different bulbs for leveling 
and flushing, an air compressor, resistance coils for heating the gases, and a slow- 
combustion pipet. In designing the apparatus, the attempt was made to avoid 
error due to inaccuracy of the buret graduations and errors caused by the capillary 
space that may be left when the gas mixture is transferred to the gas buret for meas- 
urement. The burets used with this apparatus have a capacity of 100 ml, and the 
graduations extend for a distance of about 67 cm from the top shoulder which makes 
the straight fuel gas buret easily readable to within 0.05 ml. When the gas is con- 
fined over water, the Shellbach buret is recommended as convenient in reading. The 
error due to unused capillary space has been practically eliminated. The stopcocks 
are of special design and, as usual, are placed at the top in the main line of manifold 
which is made of capillary tubing arranged so that liquid from each of the twelve 
pipets can be drawn up to its own stopcock and all the gas in the manifold can be 
driven over into the buret by means of water or an aqueous solution from a flushing 
pipet. Thus the entire capillary space is left filled with water after each determina- 
tion so that the capillary error is eliminated and no preliminary flushings are required 
to prepare the apparatus for use. The buret is encased in a glass mantle of about 
twice the diameter of the buret. This is kept filled with water, and errors due to 
slight temperature changes, which affect both the volume of the gas and the water 
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content, are practically eliminated during the 45 minutes or so while the gas is being 
analyzed in a laboratory of which the temperature is under thermostatic control. 

A compensating device is provided (cf. p. 331) so that all buret readings are made 
under a pressure which is independent of the atmosphere. 

Two burets are used with this apparatus, one for flue gas, fuel gas, etc., and the 
other for mine air and other mixtures containing very small quantities of some im- 
portant constituents. A manometer is attached to the buret. It is made of capil- 
lary tubing and is of an improved design. An automatic leveling bulb is also pro- 
vided. 

At the steel plants, flue gases are tested in one of three ways: (1) The carbon 
dioxide, oxygen, and carbon monoxide are determined separately by absorption; 
the hydrogen and methane are determined by explosion. The residual gas, after 
the excess oxygen has been absorbed, is assumed to be nitrogen. (2) The carbon 
dioxide, oxygen, and carbon are determined by absorption, and the hydrogen and 
methane by slow combustion. (3) The carbon dioxide and oxygen are determined 
by absorption; the hydrogen and carbon monoxide are determined with hot copper 
oxide, and other combustibles by slow combustion. 

Blast-furnace gas is analyzed for carbon dioxide, oxygen, and carbon monoxide 
by absorption and other combustibles by explosion or slow combustion. Sometimes, 
after the first three absorptions, hydrogen is determined in the copper oxide tube 
and hydrocarbons by slow combusion. A third procedure is used in which only 
the first two absorptions are made at the start, then carbon monoxide and hydrogen 
are determined with the copper oxide tube and hydrocarbons by slow combustion. 
A fourth procedure calls for separate absorption of carbon dioxide and oxygen, 
followed by explosion with a known volume of oxygen and determination of the 
unused oxygen. 

Coke-oven and bench gases are analyzed like producer gas (p. 717) except that a 
separate test is conducted for hydrogen sulfide (cf. p. 620) and a correction is made 
for its presence. 

Natural Gas. A qualitative test for hydrogen sulfide is made; if hydrogen sul- 
fide is found it is determined by titration (cf. p. 620). With this gas it is necessary 
to make sure that all absorbent solutions are saturated with the gas. Carbon dioxide 
is determined as usual by absorption with alkali hydroxide solution. Oxygen is 
then determined by absorption with chromous chloride, which is preferred to alka- 
line pyrogallate solution because the latter absorbs some of the hydrocarbons. If 
the contraction after treatment with chromous chloride is over 0.2 ml, it is assumed 
to represent oxygen and is calculated as such. Sometimes, however, the titration 
method (p. 701) is used for determining oxygen. After the oxygen absorption with 
chromous chloride, carbon monoxide and unsaturated hydrocarbons are determined 
by passing the gas through the cuprous sulfate and /3-naphthol reagent (cf. p. 703). 
Finally the paraflins are determined by mixing with oxygen, burning in the slow- 
combustion pipet, measuring the contraction, and then absorbing the CO 2 formed. 
From these data, methane and ethane are calculated on the assumption that they 
are the only paraffins present, which is not quite true. 

Mine air is tested for carbon dioxide (by absorption in alkali hydroxide solution), 
oxygen (by means of chromous chloride), and carbon monoxide (with cuprous sul- 
fate and /3-naphthol reagent). A special detector can be purchased which will 
indicate the presence of less than 0.01 per cent of carbon monoxide. 
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Bunte’s Apparatus 

This apparatus, shown in Fig. 118, differs from those previously 
described, inasmuch as the absorption takes place in the measuring 
vessel itself, whereas in the others it takes place in the pipets. 

The Bunte buret has a capacity of 110-115 ml between a and 6; a 
is a three-way cock, while b is bored only once. 

Manipulation. Connect the buret with the leveling bottle N as 
shown in the illiLstration, open a and 6, and allow the water to run up 
to the mark in the funnel above a. Connect 
the key of the stopcock a with the source of 
the gas, lower iV, turn a to the proper position, 
and draw the gas into the buret. After 101-103 
ml of the gas has entered the buret, close a and 
b, raise A, and by opening b compress the gas in 
the buret until the confining liquid has exactly 
reached the zero mark. Now cautiously open 
the cock a, when some of the gas in the buret 
will escape through the water in the funnel. The 
gas in the buret is now under a pressure equal to 
that of the atmosphere plus the pressure from the 
column of water in the funnel, and all subsequent 
measurements are taken under the same conditions. 

Absorptions. In order to introduce the dif- 
ferent absorbents into the buret connect its lower 
end by means of the mbber tubing h with the 
bottle F containing a little water and with the 
water blown up into the rubber .tubing. Open 
the cock b and the screwcock h. Allow the 
water in the buret to run out until it exactly 
reaches the cock 6, which is then closed. Place 
the absorbent in a small dish, introduce the lower 
tip of the buret into the liquid, and open the cock b. Inasmuch as the 
gas in the buret is under less than atmospheric pressure, the absorbent 
is sucked up into the buret. Now close the cock 6, grasp the buret 
above a and below h (in order not to warm the gas), and shake its con- 
tents well; again dip the tip of the buret into the absorbent in the 
dish and draw up a little more of the absorbent into the buret. Repeat 
this process until no more of the absorbent is sucked up into the buret. 
It would now be incorrect to read the volume of the unabsorbed gas, 
for it is under a pressure quite different from that at the beginning of the 
analysis, namely, the atmospheric pressure less the pressure of the 
column of liquid remaining in the buret with the cock b open. Further- 
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more the vapor tension of the liquid in the buret is different from that 
of the water originally present. In order to obtain the original con- 
ditions, connect the buret with the bottle Fy which now contains only 
enough water to fill the rubber tubing and the glass tube, and drain 
off the absorbent from the buret into the bottle until the upper level of 
the liquid reaches the cock h} Then dip the end of the buret into a 
dish containing water, which rises into the buret on opening h. Close 
the latter and allow water to run into the buret from the funnel until 
the original pressure is established, when the volume of the gas is once 
more read. The difference gives at once the percentage of absorbed gas. 

By means of this excellent method the carbon dioxide can be removed 
by caustic potash, heavy hydrocarbons by bromine water, oxygen by 
alkaline pyrogallol solution, and carbon monoxide by cuprous chloride. 


ANALYSIS OF GASES WHICH ARE ABSORBED 
CONSIDERABLY BY WATER 

Under this heading belong N2O, SO 2 , H2S, CI2, SiF 4 , HF, NH3, etc. 

1. Nitrous Oxide, N 2 O. Mol. Wt. 44.02 

Density = 1.5297 (air = 1).* Weight of 1 1 = 1.9766 g 
Molar volume = 22.261. Critical temperature = +36®C 

The determination of nitrous oxide can be effected with accuracy by 
combustion, and this may be carried out in two different ways : 

1. According to Bunsen, by exploding with hydrogen, or according 
to V. Knorre, by means of the Drehschmidt capillary. The contrac- 
tion produced is equal to the original volume of the nitrous oxide: 

N2O + H2 = H2O + N2 

1 vol. 1 vol. 0 vol. 1 vol, 

2. According to Poliak, by combustion with pure carbon monoxide, 
either by explosion or with the help of the Drehschmidt capillary; the 
voliune of the CO 2 formed, which is measured, is equal to the volume 
of the nitrous oxide : 

N 2 O + CO = CO 2 + N 2 

1 vol. 1 vol. 1 vol. 1 vol. 

There is no contraction in this case. 


^ The absorbent is now by no means exhausted; it can be returned to the proper 
bottle and used for several more determinations. 

* Lord Rayleigh, Proc. Roy, Soc., 74, 181 (1904). 
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2. Nitric Oxide, NO. Mol. Wt 30.01 

Density = 1.0366 (air = 1).' Weight of 1 1 == 1.3402 g 
Molar volume = 22.39 1. Critical temperature = — 94°C 

ABSORPTION COEFFICIENTS OF NITRIC OXIDE FOR WATER* 


Temperature 

/3 

Temperature 

0 

0° 

0.073HI 

30° 

0.04004 

5° 

0.06461 

35° 

0.0,37,34 

10° 

0.05709 

40° 

0.03507 

15° 

0.05147 

45° 

0.03,311 

9,0° . ... 

0.04706 

50° 

0.0,3152 

95° 

0.04323 

55° 

0.03040 





♦L. W. Winkler, Ber., 34 , 1414 (1901). 


Although nitric oxide is only slightly soluble in water, its determina- 
tion will be discussed at this place because this gas frequently occurs 
with nitrous oxide, and must therefore be determined at the same time. 

Nitric oxide may be determined by absorption with a concentrated 
solution of ferrous sulfate or an acid solution of potassium perman- 
ganate, likewise, according to E. Divers,® by an alkaline solution of 
sodium sulfate (40 g NajSOs + 4 g KOH in 200 ml H 2 O) with the 
formation of NajNiOaSOs.® It can be determined accurately, according 
to Baudisch,^ as follows: Introduce a measured volume of the gas 
into an absorption pipet filled with mercury and containing a moist 
stick of solid potassium hydroxide, and add, from a buret, a measured 
volume of air. The NO gas is immediately oxidized to N 2 O,, which is 
absorbed by the potassium hydroxide: 4NO -H O 2 + 4KOH = 2H20 
+ 4 KNO 2 . Since 5 volumes of gas disappear for each 4 volumes of NO 
originally present, it is evident that the contraction, Vc, is ^ as large 
as the original volume of NO, and NO = O.SVc. 

According to v. Knorre and Amdt,^ NO can also be determined by 
combustion. Mix the gas with hydrogen and pass the mixture very 
slowly through a Drehschmidt capillary (p. 679) heated to bright 
redness. Under these conditions the nitric oxide is reduced to nitrogen. 

2NO + 2 H 2 = 2 H 2 O + N 2 , and the volume of NO = %Vc 


i Computed from observations of Gray (1905), Guye and Davila (1908). 

« J. CoU. Sd. Imp. Unix. Tokyo, 11 , 11 (1893). , ■ 

•Nitric oxide is only partially absorbed by an fl^on of p^^ 

forming alkali nitrite, N 2 O, and N,. C. Oppenheim, Bor., 36, 1744 (1903). 


' Ber., 46 , 3232 (1913). 
• i?er., 21 , 2136 (1889). 
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If the mixture is passed too rapidly through the capillary tube con- 
taining the glowing platinum or if the catalyst is not hot enough, ap- 
preciable quantities of ammonia are formed and the results are inac- 
curate. 

It is not possible to carry out the reaction in an explosion pipet: 
with pure 'NO and H 2 there is no explosion, and if considerable NO 2 
is present the reaction is not quantitative although a very violent ex- 
plosion may occur. 

Combustion of Nitric Oxide and Carbon Monoxide in a 
Drehschmidt Capillary 

According to Henry a mixture of carbon monoxide and nitric oxide 
is not explosive. On the other hand, according to Poliak, by conducting 
a mixture of these gases through a Drehschmidt platinum capillary 
heated to bright redness, the combustion is quantitative if at the same 
time the carbon dioxide formed is removed by means of caustic potash;^ 
otherwise the oxidation is not quantitative. According to the equation 

2NO + 2CO = 2 CO 2 + N 2 

2 vol8. 2 vols. 0 vol. 1 vol. 

the contraction produced is equal to % the volume of the nitric oxide. 

Remark. If considerable nitrous oxide is present at the same time, the com- 
bustion in the Drehschmidt capillary takes place quantitatively without the removal 
of the carbon dioxide. In this case the contraction is half the volume of the nitric 
oxide. 

Analysis of a Mixture of Nitrous and Nitric Oxides 

(a) Combustion with Hydrogen 

Mix the gas with an excess of hydrogen and pass it through the 
Drehschmidt platinum capillary heated to bright redness as described 
above. If the volume of the N 2 O = x and that of the NO = 1 /, we 
have: (1) x + y = V, (2) x + %y = Vc (contraction), from which 
can be calculated: x = 3V — 2Vcf y = 2 (Pc — 

(6) Combustion with Carbon Monoxide 

To the gas mixture add an excess of carbon monoxide, pass through 
the red-hot platinum capillary, and determine first the contraction. Pc, 
and then the carbon dioxide, Vr. If x is the volume of N 2 O, y the 

1 Cover the mercury in the Drehschmidt tube with a concentrated caustic potash 
solution, by which means the CO2 is absorbed immediately after its formation. 
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volume of NO, then x + y = Vk 
that X = Vk — 2Vc and y = 2Vc, 


and y 2 y ~ Vcy from which it follows 


DetemlnaHon HteoM Oade, Mt* Orido, and Nitroean in ihn 
Presence of One Another 

(a) By Combustion with Hydrogen in a Drehschmidi Capillary 

After noting the contraction formed by the combustion with hydro- 
gen, add an excess of oxygen to the gas residue and Inirn the mixture 
in the Drehschmidt capillary; two-thirds of the contraction which now 
takes place is equal to the amount of unused hydrogen in the first 
oxidation. If this quantity is deducted from the amount of hydrogen 
originally added, the difference, Vy/, represents the amount of hydrogen 
necessary. 

We have now: 

N 2 O NO N 2 

1. x+ y + z = V 

2. x + r2y = Vc 

3. a: + y = Va 

from which we can compute 

a: = 37y/ - 2Vc 

y = 2{Vc - Vh) 

z=V-Vh 


(h) By Comhmtion mth Carbon Monoxide in the Drehschmidt Capillary 

In this case, using the same notation, x + y + z = F, O.Sjy = Fc, and 
X y — Vk (volume of carbon dioxide). From this it follows: x — Vk 
- 2Fc, y = 2Fc, and 2 = F - Vk, 


Determination of Nitrous Oxide, Nitric Oxide, and Nitrogen in the 
Presence of Carbon Dioxide 

The accurate determination of nitrous oxide in the presence of car- 
bon dioxide offers great difficulties. It is not possible to determine 
nitrous oxide by combustion with hydrogen in the Drehschmidt capil- 
lary, because when the carbon dioxide is present it takes part to some 
extent in the combustion, CO 2 + H 2 = H 2 O + CO; and the previous 
absorption of the carbon dioxide by means of a large quantity of caustic 
potash is equally unsatisfactory, because considerable nitrous oxide 
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will be absorbed by the reagent. The best way to effect this deter- 
mination consists in absorbing the carbon dioxide by solid, moist 
potassium hydroxide contained in an absorption pipet filled with 
mercury. The difference in volume before and after the absorption 
gives the volume of CO 2 . Transfer the residual gas to the mercury 
pipet, add a measured volume of air, and absorb the NO as described 
on p. 727. In the residue determine N 2 O according to p. 726, and the 
N 2 by difference. 


3. Nitrogen, N 2 . Mol. Wt. 28.02 

Density = 0.96727 (air = 1). Weight of 1 1 = 1.2505 g 
Molar volume = 22.41 1. Critical temperature = — 149°C 


ABSORPTION COEFFICIENTS OF NITROGEN FOR WATER* 


Temperature 

0 

Temperature 


0° 

0.02348 

0.02081 

0.01857 

0.01682 

0.01542 

0.01432 

30° 

0.01340 

0.01254 

0.01183 

0.01129 

0.01087 

0.01051 

5° 

35° 

10® 

40° 

15® 

45° 

20® 

50° 

25° 

55° 




♦ L. Winkler, Ber., 24 , 3606 (1891). 


Nitrogen cannot be determined by any of the ordinary methods of 
gas analysis. It is usually estimated by determining all the other con- 
stituents present in a mixture and subtracting the sum of the percent- 
ages found from 100. 

Technical preparations of nitrogen, prepared from the air, always 
consist of nitrogen and small amounts of rarer elements. According 
to Cavendish these latter may be obtained by adding oxygen and 
allowing a strong electric spark to pass through the mixture. In this 
way the nitrogen is completely oxidized to nitric acid, which can be 
removed by means of caustic potash solution. Then, by absorbing 
the oxygen, the rarer gases are obtained. A still better process is that 
of Hempel, in which the nitrogen is absorbed by passing the gas over 
a glowing mixture of 1 g magnesium, 5 g freshly burnt lime, and 0.25 
g sodium. The rare gases are not absorbed by this treatment. 

According to Bunsen, there i§ no combustion of nitrogen when de- 
tonating gas explodes in the presence of air, provided that not more 
than 30 volumes of combustible gas are present for each 100 volumes of 
non-combustible gas. There is no oxidation of nitrogen during a com- 
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bustion of a gas mixture which is passed through a Drehschmidt plati- 
num capillary. 

ANALYSIS OF GASES BY TITRATION OF THE ABSORBED CONSTITUENTS 

If a mixture of gases contains several constituents, of which two are 
removed by the same absorbent, and one of these can be determined 
by titration, it is a matter of no difficulty to determine the amount of 
each. The diminution in volume after treatment with the absorbent 
represents the amount of the two constituents, the titration value 
represents the amount of one of them, and the difference shows the 
amount of the other. Such problems can be solved in a variety of ways, 
and only a few examples will be mentioned. 

1. Chlorine, CI2. Mol. Wt. = 70.91 

Density = 2.488 (air = 1).» Weight of 1 1 = 3.216 g 
Molar volume = 22.04 1. Critical temperature = +146® 

determination of Carbon Dioxide in Electrolytic Chlorine* 

The apparatus shown in Fig. 119 is suitable for this purpose. 

Fill the absolutely dry eudiometer, R (the capacity of which be- 
tween the two stopcocks is accurately known, and for convenience 
may be 100 ml), through the lower cock, after drying the gas by passing 
it through a long calcium chloride tube.® After 5-10 minutes it is safe 
to assume that the air has been completely replaced by the gas. Now 
close the lower three-way cock and then the upper one. Note the 
temperature and barometric pressure. 

Connect the tip of the buret with the reservoir N by rubber tubing. 
Turn the three-way cock so that the reservoir communicates with the 
outer air, and then thoroughly wash the lower tip of the buret and the 
stopcock, and close the latter. Prepare a solution of potassium arsenite 
by dissolving 4.95 g AS2O3 in dilute potassium hydroxide, adding dilute 
sulfuric acid until the solution is neutral to phenolphthalein, and then 
diluting to 1 1.^ Place 100 ml of this solution in N and expel any air in 

iLeduc, Compt. rend., 116 , 968 (1893); Treadwell and Christie, Z. angew. Chem., 
47 , 446 (1905). 

* Treadwell and Christie, Z. angew. Chem., 47, 1930 (1905). 

» If the buret and gas are not perfectly dry, some chlorine will be absorbed by 
the water. This will not affect the gas reading, but will be harmful in the subsequent 
titration. 

* An ordinary solution of arsenite prepared with sodium bicarbonate cannot be 
used here. 
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the rubber tubing by pinching it with the thumb and finger. By raising 
N and opening the stopcock, cause a little of the arsenite solution to 
flow into the buret, which is inclined from side to side in such a way that 
the walls are thoroughly wet with the arsenite solution. The chlorine 
is slowly absorbed, as is evident from the fact that the solution slowly 
rises in the buret. As soon as there is no further absorption, close 
the lower stopcock and make the solution in the 
buret flow back and forth several times, by invert- 
ing the buret and then turning it back again. 
After 1-2 minutes all the chlorine will have been 
absorbed. Then in order to absorb all the carbon 
dioxide present, lower the tube A, pour 10 ml of 
potassium hydroxide solution (1 : 1) in the funnel, 
and carefully introduce it into the buret. Again 
close the stopcock and nm the alkali solution back 
and forth in the buret. 

After bringing the liquid in the buret and in the 
leveling tube to the same height, take the reading. 
By deducting this from the original volume of the 
gas, the volume of the chlorine plus that of the 
carbon dioxide is obtained. To determine the chlo- 
rine, empty the contents of the buret and of the 
leveling tube into a large Erlenmeyer flask and turn 
the stopcock to the position shown in the drawing 
so that the liquid in the rubber tubing can flow out. 
Remove the tubing from the buret and rinse it out 
with distilled water which is also allowed to run into 
N. Now add the contents of the buret and rinse the buret itself with 
distilled water. 

To the contents of the Erlenmeyer flask add 2 drops of phenol- 
phthalein solution, hydrochloric acid until the red color just disap- 
pears, 60 ml of 3.5 per cent sodium bicarbonate solution, and a little 
starch solution. Titrate the excess of the arsenious acid with 0.1 iV 
iodine solution. 

Determine the ratio of the arsenite solution to the iodine in the same 
way as in the above titration. Place 100 ml of arsenite solution in an 
Erlenmeyer flask, add 10 ml of caustic potash solution, 2 drops of phenol- 
phthalein, hydrochloric acid to decolorization, and then 60 ml of sodium 
bicarbonate solution. Dilute to the same volume as that of the original 
experiment and titrate with iodine. If n ml was used in the analysis 
and n' ml is required in the direct titration of the sodium arsenite solu- 
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tion then n n multiplied by 1.102' gives the number of milliliters of 
chlorine gas at 0®C and 760 mm pressure. In other words, 

Fo' = (n' - n) X 1.102 


However, as the original gas was measured at the temperature 
and under the pressure B mm, it follows, according to p. 671, that 

F' • ^ • 273 


Fo' = 


from which can be computed 
V' = 


760 • (273 + t) 


Fo' • 760(273 + t) 


B • 273 

If F is the original volume of the gas used and R that of the residual 
gas in the buret, then 

CI 2 + CO 2 + residue = F 
residue = R 


CI 2 + CO 2 = F - 
-CI 2 = F' 


and in percentage 


CO 2 = F - (R + F') 


[F - (ie + F')] ♦ 100 

X = — = per cent CO 2 


Schloetter^ has described another method for the examination of 
electrolytic chlorine gas. The chlorine is absorbed by means of hydra- 
zine sulfate, whereby 2 volumes of chlorine set free 1 volume of nitrogen. 
The carbon dioxide is then absorbed by means of caustic soda solution. 

P. Ferchland^ determines the chlorine by absorption with mercury 
in the residual gas after the CO 2 has been absorbed with caustic potash. 
This last method, according to the experiments of Busvold,^ gives 
good results; it is to be recommended especially for the analysis of 
chlorine gas from the Deacon process. 

Examination of the Unabsorbed Gas Residue. Usually the residual 
gas is too small in amount (as in the above case) to examine quanti- 
tatively, so that for this part of the analysis a larger sample of the gas 

1 This value is derived from the fact that the molar volume of chlorine is 22.04 1. 
Since CI 2 corresponds to 2 oxidation equivalents, each millihter of 0.1 N iodine 
= 1.102 ml of chlorine gas at 0° and 760 mm. 

* Z. angew. Chem., 1904, 103. 

* Z. Elektrochem.j 13, 114. 

* Inaug. Dissert., Zurich, 1909, also P. Philosophoff, Ch&rn. Ztg.^ 1907, 959. 
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should be taken. The apparatus shown in Fig. 120 has been used 
for this purpose with good results. The thick-walled filter bottle A 
has a capacity of about 1.5 1. It contains about 500 ml of strong caustic 

potash solution and the absorp- 
tion tube with stopcock H is fas- 
tened air-tight within it. 

Manipulation. First fill the ab- 
sorption tube with the caustic pot- 
ash solution by suction through H, 
finally closing //. Then turn the 
3-way cock to position II y and, 
by suction through the left side 
arm, fill the glass tube with the 
caustic alkali solution up to the 
cock. Turn the cock to position 
/, connect the left side arm, by 
means of a short piece of rubber 
tubing and a long piece of glass 
tubing, with the source of the gas, 
and aspirate several liters of [gas 
through this tube. As soon as it 
is safe to assume that all the air has 
been driven out from the tubing, 
turn the cock to position II ; con- 
nect the aspirator at a with flask A , 
in which a slight vacuum is pro- 
duced, whereby the gas begins to 
collect in the absorption tube. Chlorine and carbon dioxide are com- 
pletely absorbed, while the residual gas collects in the upper part of the 
absorption tube. Allow the gas to enter the tube until 50-70 ml of the 
gas residue is obtained; then close cock /, remove the aspirator, drive 
the gas over into a Hempel gas buret, and analyze according to the 
methods already described. 

At the carbon electrode (the anode), not only chlorine but also a 
small amount of oxygen is liberated. The oxygen attacks the car- 
bon of the electrode, forming carbon monoxide, the greater part of 
which in turn combines with the chlorine, forming phosgene gas, COCI 2 , 
but this is decomposed by water with the formation of CO 2 and HCl: 

COCI 2 + H 2 O = CO 2 + 2HC1 

This accounts for the presence of CO 2 and CO ip chlorine which has 
been prepared electrolytically. 
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2. Hydrochloric Acid, HCL Mol. Wt. 36.47 

Density = 1.2686 (air = 1).' Weight of 1 1 = 1.6400 g 
Molar volume = 22.24 1. Critical temperature = +52°C 

Hydrochloric acid is determined in gas mixtures by absorption in 
standardized alkali hydroxide solution. 

3. Sulfur Dioxide. Mol. Wt. 64.06 

Density = 2.2639 (air = l).^ Weight of 1 1 = 2.9267 g 
Molar volume = 21.89 1. Critical temperature = -|-155°C 

For the determination of sulfur dioxide from pyrite burners, F. Reich 
recommends that the gas should be drawn by means of an aspirator 
through a measured amount of 0.1 AT iodine solution, colored blue 
with starch, until the latter is decolorized. The amount of the gas 
is equal to the quantity of water which has flowed from the aspirator 
plus the volume of the absorbed SO 2 . 

Other examples of gas analyses in which the absorbed constituent 
is estimated by titration are found in the determination of the hydrogen 
sulfide in gas mixtures (p. 620) and in the determination of carbonic 
acid in the atmosphere by the method of Pfittenkofer (cf. p. 521). 

4. Determination of Ethylene, according to Haber 

The principle of this method was discussed on p. 696. The deter- 
mination can be carried out in the Bunte buret (cf. p. 725, Fig. 118). 

First, determine the contents of the lower portion of the buret from 
the lowest scale division to the cock by weighing the water drawn from 
between these points, after allowing the buret to drain. Then intro- 
duce about 90 ml of the gas to be examined into the buret and take the 
thermometer and barometer readings. Then, exactly as described on 
p. 725, draw down the liquid by suction to the stopcock,® pour a little 
bromine water into a small evaporating dish, allow about 10 ml of 
the liquid to rise into the buret, and, in order to wash the bromine water 
from the tip into the buret, add 2 or 3 ml of water. 

Thoroughly wet the walls of the buret with the bromine water, by 
suitably turning and inclining the tube; in this way the ethylene is 

‘ Leduc, Compt. rmd., 125, 571 (1897), found the density of hydrogen chloride 
to be 1.2692, and Busvold, Inaug. Dissert., Zurich, 1910, obtained the value 1.2680. 
The above figure is the mean of these two determinations. 

* Leduc, Compt. rend.^ 117, 219 (1893). 

* After about 1 minute liquid will collect above the stopcock, owing to the drainage 
of the liquid from the sides of the buret; this is removed before adding the bromine. 



736 


DETERMINATION OF SOME COMMON GASES 


quickly absorbed. To determine the excess of bromine, allow a strong 
solution of potassium iodide to rise into the buret and vigorously shake. 
Run out the liquid into an Erlenmeyer flask, carefully wash the buret 
with water, and titrate the deposited iodine with O.l N sodium thio- 
sulfate solution. Determine the titer of the bromine water by pouring 
a little into a porcelain dish, pipeting off 10 ml of it, allowing this amount 
to run into a solution of potassium iodide, and titrating the liberated 
iodine with 0.1 sodium thiosulfate solution. 

The method of calculating the results will be illustrated best by 
means of an example. 

Example. A gas consisting of 90 volumes of air and 10 volumes of ethylene was 
used for the analysis. Taken for analysis, 91.2 ml of the mixture. Temperature, 
18.3°. Barometer reading, 725 mm. Tension of aqueous vapor at 18.3° = 15.6 
mm mercury. 

Volume of the ungraduated portion of the buret 6.10 ml 

Reading of the bromine water in the graduated part 10.00 ml 

Bromine water used 16.10 ml 


Ten milliliters of the bromine water corresponds to 12.0 ml 0.1 AT sodium thiosulfate 
solution, so that 16.10 ml of bromine water is equivalent to 19.32 ml of 0.1 N sodium 
thiosulfate. 

We have now : 


16.1 ml bromine water = 19.32 ml 0.1 N solution 

16.1 ml bromine water ethylene = 12.23 ml 0.1 V solution 

The ethylene corresponds to 7.09 ml 0.1 N solution 


Since the absorption of the ethylene by the bromine water takes place according 
to the equation 


C 2 H 4 Br 2 = C2H4Br2 


it follows that 2Br = 21 = 20,000 ml 0.1 V sodium thiosulfate solution = 22,270^ 
ml ethylene gas. Since 1 ml 0.1 N sodium thiosulfate corresponds to 1.114 ml 
C2H4, the 7.09 ml of 0.1 V solution used represents 7.09 X 1.110 = 7.94 ml C2H4 
at 0°C and 760 mm pressure, or 9.10 ml C2H4 at 18.3°C and 725 mm measured, 
moist. 


C2H4 = 9.1 1 
Air = 82.1 / 

9r2 


and in per cent 


C 2 H 4 = 10.0 per cent 
Air = 90.0 per cent 
100.0 per cent 


This method is especially suited for the determination of ethylene 
present with benzene in illuminating gas. In one sample the sum 
of the two gases can be determined by absorption with fuming sulfuric 
acid or bromine water, and in a second sample the ethylene as described 
above. 


1 Cf. p. 691- 
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Remark. Instead of using bromine water, which changes its strength so rapidly, 
it is better to use a tenth-normal solution of potassium bromate; on acidifying, an 
equivalent quantity of bromine is obtained (cf. p. 629). 

The experiment is carried out as follows : Exactly as described above, 
introduce 90 ml of the gas into the Bunte buret, withdraw the water 
till the lower cock is reached, place some potassium bromate in a 
small porcelain dish, draw up about 10 ml of it into the buret, and 
determine the volume. Then, after wiping off the lower capillary, 
add an excess of concentrated potassium bromide solution and finally 
introduce an excess of dilute hydrochloric acid. After shaking 8 min- 
utes, all the ethylene will be brominated. At the end of this time, allow 
10 per cent potassium iodide solution to enter the buret, shake and empty 
into an Erlenmeyer flask. Titrate the iodine thus liV^erated with 0.1 AT 
sodium thiosulfate solution. The calculation is carried out as before. 

6. Determination of Ethylene in the Presence of Acetylene 

In one sample determine the sum of the ethylene and acetylene by 
absorption in fuming sulfuric acid and determine the ethylene by the 
bromate-bromide absorption method, just described. In the cold, 
acetylene is not absorbed by dilute bromine water, and this method is 
suitable for determining ethylene in the presence of small quantities 
of acetylene. If considerable acetylene is present some acetylene is 
likely to be absorbed. 

The acetylene, however, may be removed by means of a 20 per cent 
solution of mercuric cyanide in 2 A sodium hydroxide. Use 10 ml of 
the solution for each 50 ml of the gas mixture. Have the absorbent 
over the mercury in an absorption pipet. After the removal of the 
acetylene, ethylene can be removed by the following reagent: Dis- 
solve 20 g Hg(N03)2 in 100 ml of 2 A HNO3 and saturate the solution 
with NaN 03 . Use 5 ml of the absorbent over mercury for the absorp- 
tion of ethylene. After this benzene can be absorbed in fuming sul- 
furic acid and then CO, CH4 and H2 in the usual way. 

GAS-VOLUMETRIC METHODS 

If as a result of a chemical reaction a gas is evolved, from the vol- 
ume of which the weight of the original substance can be computed. 

Examples of this sort of an analysis were given under the determina- 
tion of CO 2 in carbonates (pp. 329, 330, 334, 336), and the NOs in ni- 
trates (p. 386). 

At this place a few more important determinations of the same nature 
will be described. 
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Hydrogen Peroxide Methods 

Hydrogen peroxide frequently acts as an oxidizing agent; under other 
conditions it has a marked reducing action, and by shaking with inert 
solids it is decomposed slowly into water and oxygen. 

This anomalous behavior can be explained very easily by assuming 
that one of the oxygen atoms in hydrogen peroxide has one positive 
and one negative charge as valence bonds. 

When hydrogen peroxide decomposes spontaneously on standing, 
a reaction which is often aided by shaking with an inert substance 
such as sand, this neutral oxygen atom is lost and oxygen molecules 
are formed. When hydrogen peroxide acts as an oxidizing agenty 
this neutral oxygen atom is reduced to its normal negative valence of 
2. When hydrogen peroxide acts as a reducing agenty gaseous oxygen is 
always one of the products of the reaction. It is usually assumed that 
half of the evolved oxygen comes from the oxidizing agent and half 
from the hydrogen peroxide. Thus 

2Mn04" + 5H2O2 + 6H+ = 2Mn++ + 8H2O + 502 

In the two following methods which involve the use of hydrogen 
peroxide, a large excess of the peroxide should not be used and long- 
continued shaking should be avoided. 

(a) Standardization of Peimanganate Solutions 

The determination is best made according to Lunge in a gas volu- 
meter (p. 331, Fig. 46). To obtain correct results, however, it is ab- 
solutely necessary that no excess of hydrogen peroxide be present. 
Consequently it is necessary to determine by means of a preliminary 
experiment the exact value of the permanganate solution in terms of 
the H2O2 solution used (cf. p. 562). Then place a measured amount of 
the latter in the outside part of the Wagner decomposition bottle 
(Fig. 46, a, p. 331), and add 30 ml of 6 AT sulfuric acid. After this, intro- 
duce the exact amount of hydrogen peroxide required for the de- 
composition of the pennanganate into the inner part of the bottle and 
connect the bottle with the measuring tube, which is filled with mercury, 
the cock h being removed for the time being, but it is replaced at the 
end of 2-3 minutes and turned to the position shown in the figure. 

Then mix the two liquids, taking care to hold the decomposition 
flask so that its contents will not be warmed by the heat of the hand, 
inclining it to an -angle of about 90®, and shaking for exactly 1 minute. 
While the oxygen is being evolved, care must be taken that the gas in 
the eudiometer is under reduced pressure. After the decomposition 
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is accomplished, place the gas under atmospheric pressure, close b, 
and by means of the compensation tube, reduce the volume of the gas 
to what it would be at 0°C and 760 mm pressure, as described on p. 331. 

As the above equation shows, 10 equivalents of KMn 04 furnish 5 
moles of oxygen or 5 X 22.39 1. Hence 1 ml of oxygen gas at 0® and 
760 mm corresponds to 1/11.20 = 0.0893 milliequi valent of KMn 04 . 
If n ml of KMn 04 solution liberates V ml of O 2 the KMn 04 solution is 
V 

— 0.0893 normal. 
n 

Remark. The volume of permanganate to be taken for the experiment is deter- 
mined by the size of the measuring tube. If it has a capacity of 150 ml, 15 ml 
of a 0.2 N solution or 40-50 ml of a 0.1 N solution should be taken. 

The hydrogen peroxide used shoiild not be too concentrated; a 2 per cent solution 
is suitable. The available oxygen present in a sample of pyrolusite^ can be deter- 
mined by the same procedure. 

(b) Determination of Cerium in Soluble Ceric Salts 

If hydrogen peroxide is added to an acid solution of a soluble cerio 
salt, the salt is reduced with evolution of oxygen : 

2Ce++^-+ + H 2 O 2 == 2Ce+++ + 2H+ + O 2 

The determination is accomplished in precisely the same way as was 
described above in the standardization of the permanganate solution. 
If the volume of liberated oxygen reduced to 0° and 760 mm is multi- 
plied by 0.01537, the product represents the corresponding weight of 
Ce02. 

Remark. If a large excess of hydrogen peroxide is avoided in the above analysis, 
satisfactory results will be obtained. 

Silicon Fluoride, SiF 4 . Mol. Wt. = 104.06 

Density = 3.605 (air = 1). Weight of 1 1 = 4.660 g 
Molar volume = 22.40 1 

Determination of Fluorine as Silicon Fluoride (Hempel and Oettel)^ 

Principle. If a mixture of calcium fluoride and powdered quartz is treated with 
concentrated sulfuric acid in a glass vessel, all the fluorine will be expelled as silicon 
fluoride: 

2CaF2 + SiOa + 2 H 2 SO 4 = 2CaS04 + 2 H 2 O -f SiF4 

and this gas can be collected and measured. 

One milliliter SiF 4 at 0° and 760 mm pressure corresponds to 0.006971 g CaF 2 , or 
0.003393 g F 2 . 


1 Lunge’s Alkali Makers' Handbook. 
* Gasancdytische Methoden. 
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Procedure. Mix a weighed amount of the very finely powdered 
substance, which must not contain any other acid that can be expelled 
by treatment with concentrated sulfuric acid,^ with 3 g of finely pow- 
dered ignited quartz, and introduce into the dry decomposition flask 
K (Fig. 121). Evacuate the flask somewhat by twice lowering the 
leveling tube N with the stopcock H open, closing the cock and ex- 
pelling the air. At the beginning of the experiment, the buret H 
should not be connected with the Orsat tube 0. By raising the ground- 

glass tube Rj cause about 30 ml 
of concentrated sulfuric acid to 
flow into the flask. This acid 
must have been previously heated 
in a porcelain crucible for some 
time at a temperature near the 
boiling point, to destroy every 
trace of organic matter, and 
allowed to cool in a desiccator 
over phosphorus pentoxide. Heat 
the acid in K to boiling with the 
stopcock H open, and frequently 
shake. During the entire experi- 
ment, keep the mercury level in 
the tube N a little lower than 
that of the mercury in the meas- 
uring tube M.2 
Fig. 121. At first the sulfuric acid foams 

considerably, but soon ceases, 
which is a sure sign that the decomposition is complete. Then remove 
the flame, allow the sulfuric acid to cool, and expel all the gas in K by 
introducing through V sulfuric acid, which has been previously heated 
and cooled as described above. As soon as the sulfuric acid reaches 
the stopcock //, close it. After waiting 10 minutes more, place the 
gas under atmospheric pressure, by suitably raising A, and note the 
volume and temperature. 

Now drive the gas over into the Orsat tube 0, containing caustic 
potash solution (1:2). The silicon tetrafluoride is immediately ab- 
sorbed. Return the residual gas to the tube M, and after waiting 15 
minutes read the volume. The difference between the two readings 
gives the volume of silicon tetrafluoride. 

1 Cf. pp. 404, 405. 

* To keep the inside of N perfectly dry, place 2-3 ml of concentrated sulfuric acid 
on top of the mercury. 
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Remarks. A, Koch tested this method in the Zurich laboratory and obtained 
results varying from 98.97 to 102.63 per cent with pure calcium fluoride. To obtain 
this accuracy, however, it is necessary to carry out the decomposition under approxi- 
mately atmospheric pressure. When working under a vacuum the results were 
always too low. Thus in one experiment only 85.70 per cent of the theoretical value 
was obtained. 

During these experiments with reduced pressure, a white sublimate formed at the 
lower part of the condenser, which, on coming in contact with the sulfuric acid that is 
introduced at the last, caused a strong effervescence. Since all the gas in the buret 
was replaced, however, we believed that the low results could be traced to the 
absorption of silicon fluoride by the sulfuric acid. This idea proved to be false, for 
a measured volume of silicon fluoride does not change when allowed to stand for 
24 hours over concentrated sulfuric acid. The error, therefore, must be caused by 
the deposit that has condensed in the lower part of the condenser. If the work is 
carried out under atmospheric pressure as described above, the white deposit is 
never obtained. 

The method can be used for the estimation of fluorine in the presence of car- 
bonates. In this case the silicon fluoride is absorbed by means of a little water and 
the carbon dioxide by means of caustic potash. However, as a little of the carbon 
dioxide is dissolved by the water, the gas residue which has been freed from carbon 
dioxide is shaken with this water again, whereby this dissolved carbon dioxide is 
removed and can be absorbed by a further treatment with caustic potash solution. 
For further details, consult the original paper by Hempel and Scheffler.^ 

Determination of Water Vapor in Gas Mixtures 

In gas analysis it is a common practice to express the results in per- 
centages by volume. Thus if a mixture of oxygen and carbon dioxide 
measures Vi ml under atmospheric pressure and after the carbon 
dioxide has been absorbed the residual gas measures F 2 ml under the 
same pressure, it is customary to assume that the original gas con- 
tained Vi — V 2 ml of CO 2 and F 2 ml of oxygen. A little consideration 
will show that this is really an inexact assumption although it is true 
that the original mixture could be obtained by mixing the indicated 
volumes of carbon dioxide and oxygen. 

When two or more gases are mixed, each occupies the total volume 
of the mixture. This is an apparent contradiction because two bodies 
cannot occupy the same space. With a gas, however, the actual volume 
taken up by the molecules is very small compared to the total volume 
occupied by the gas, and it is customary to neglect it in gas analysis. 
Thus at 0°and 1 mm pressure, 1 1 of hydrogen gas contains only 0.16 ml 
of space actually occupied by hydrogen molecules. Under higher 
pressures, the actual volume occupied by the molecules becomes less. 

In 7 ml of carbon dioxide and oxygen under atmospheric pressure, 
therefore, there are present V ml of carbon dioxide and 7 ml of oxygen, 


Z. anorg. Chem., 20, 1 (1897). 
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and the pressure of the mixture is the combined pressures of the two 
gases. In any gas mixture, the total pressure is the sum of the partial 
pressures. 

In a mixture of two gases, the percentage composition can be easily 
computed if the volume of the gas mixture is known under a definite 
pressure and temperature, and, at the same time, the partial pressure 
of one of the gases is known. Moreover, the ratio of the partial pres- 
sures of the gases shows the relative volumes provided that the gases were 
measured singly under the same pressure and at the same temperature. 

Applications. 1. Reduction of Volumes of Moist Gases to a Dry Con- 
dition at 0® and 1 60 mm. If a gas is saturated with water vapor at any 
temperature, the partial pressure exerted by the water is known. Water 
evaporates until the vapor pressure of the liquid water is exactly bal- 
anced by the gas pressure exerted by the evaporated water and this is 
independent of whether other gases are present or not. The table on 
pp. 751-753 gives the vapor pressures of water at various temperatures. 
If a gas saturated with water vapor occupies a volume Vt at f and 
P mm pressure (of liquid mercury) and w is the tension of aqueous 
vapor at this temperature, then the volume occupied by the dry gas 

at 0° and 760 mm pressure would be Fo = Vt — — • 

760(273 + t) 

2. Calculation of the Moisture in the Air at Normal Pressure (760 mm) 
and Temperature f. 

What is the percentage of moisture (by volume) of air saturated with 
moisture at 0°, 25°, and 35°? According to the table: = 4.6 mm; 

= 23.5 mm; and = 41.8 mm. By dividing each of these val- 
ues by 760 and multiplying by 100, we find the percentage of moisture 
to be 0.61 per cent at 0°, 3.09 per cent at 25°, and 5.50 per cent 
at 35°. 

If the gas is not saturated with moisture, the relation of the dry gas 
to the moist one can be computed if the degree of saturation, or humidity ^ 
is known. The humidity of the gas expresses the amount of moisture 
as a percentage of the amount that the gas contains when saturated 
with moisture. Thus, if the humidity is 50 per cent, the gas could take 
up just as much more water at the prevailing temperature. If the 
humidity is r, then, if the given gas were measured dry at 760 mm 


and at the same temperature, its volume would be 


F(P - r » w) 
760 


; and 


if the water exists as gas at 760 mm pressure and the same temperature, 

. , . V *r •w 

Its volume is — — — • 

760 
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3. Calculation of the Weight of Water Vapor in a Given Volume of 
Air, at f* and P mm pressure, which is saturated with moisture. 

If 1 ml of water exists as a gas at 0^ and 760 mm pressure, it ought 
to weigh 0.000801 g as an ideal gas. At P and P mm pressure, it 
should weigh 

0.000801 X P X 273 
760 X (273 + t) ® 

If the gas is not saturated with water vapor, but the degree of satu- 
ration (the humidity) is known, then the following formula gives the 
weight of water vapor present in the volume Vt of the gas: 

0.00801 • r • w • Vf 273 
760(273 + <) ^ 

Or, if the weight of vapor present in a given gas volume is known, 
then from the last equation the humidity, r, of gas may be computed : 

= (7 - 760(273 -f t) 

“ 0.000801 ■ w • y, • 273 

Density Tables 

One of the easiest methods for determining the percentage compo- 
sition of a solution containing only one dissolved substance is to deter- 
mine the density of the solution. This, however, is not a reliable method 
of analysis because the density of a solution is never strictly proportional 
to the quantity of dissolved substance, and if a density curve is plotted 
for all possible concentrations, it will sometimes be found that there 
are, at certain parts of the curve, two different concentrations that 
have the same density. 

Instead of determining the density of a solution, or weight of the unit 
volume in a vacuum, it is often customary to determine the weight of 
the solution as compared to the weight of the same volume of another 
liquid. Water is commonly taken as the basis of comparison, and since 
1 ml of water at 4° weighs 1 g, the specific gravity when referred to water 
at this temperature is the same as the density, when this is defined as 
the weight in grams of 1 ml of water. 

Unfortunately, however, usage has not been uniform in the choice 
of temperature at which the specific gravities have been taken, and the 
comparison is often made with water at the same temperature. 

The extensive application of hydrometers as measuring instruments 
in the collection of revenues in commerce and for buying and selling 
certain liquids has led the National Bureau of Standards to define the 
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various scales in terms of fundamental units. Some of the tables in 
this book are taken from this source. Some years ago the Manu- 
facturing Chemists^ Association of the United States published tables, 
which have been copied in quite a number of textbooks, in which the 
specific gravities were taken at 60°F and referred to water at the same 
temperature. 

Whenever a specific gravity value is given, the modulus should also 

60 ® 

be stated. Thus a specific gravity at — F means that the comparison 


15 ® 

was made at 60°F with water at the same temperature, and — C means 


that the comparison was made at 15®C with water at 4®C. 

The confusion, however, does not end here. Just as certain civilized 
countries, particularly England and the United States, have been 
slow to adopt the metric system, so the people of most countries have 
held tenaciously to other scales for determining relative masses of 
equal volumes of liquids. Thus the English Twaddell scale and the 
various French Baum^ scales are still in constant u^se. Throughout the 
text of this book, the metric system has been used for the sake of sim- 
plicity, and, as far as the analytical chemist is concerned, density 
tables are, on the whole, more satisfactory than specific-gravity tables. 
Data will be given, however, showing how these tables can be translated 
into other units. 
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DENSITY OF STRONG ACIDS AT IS*’ IN VACUO 
(According to Lunge, Isler, Naef, and Mahchlewskt)* 

In determining the weight in the air of a given volume of acid or base in this and 
the following tables, it must be remembered that the values hero are made with 
allowance for the buoyancy of air (cf. pp. 13-15, 435-437). 


Specific 

Gravity 

,16* 

“ 7 - 

(Vacuo) 

Per CJent by Weight 

Specific 

Gravity 

.15* 

at-jr 

(Vacuo) 

Per Cent by Weight 

HCl 

HNO» 

HjSOi 

HNO, 

H,S04 

1.000 

0.16 

0.10 


1.235 

37.51 

31.70 

1.005 

1.15 


0.95 

1.240 

38.27 

32.28 

1.010 

2.14 


1.57 

1.245 

39.03 

32.86 

1.015 

3.12 



1.250 

39.80 

33.43 

1.020 

4.13 



1.255 

40.66 

34.00 

1.025 

5.15 


3.76 

1.260 

41.32 

34.57 

1.030 

6.15 


4.49 

1.265 

42.08 

35.14 

1.035 

7.15 

6.38 

5.23 

1.270 

42.85 

35.71 

1.040 

8.16 

7.26 

5.96 

1.275 

43.62 

36.29 

1.045 

9.16 

8.13 

6.67 

1.280 

44.39 

36.87 

1.050 

10.17 

8.99 

7.37 

1.285 

45.16 

37.45 

1.055 

11.18 

9.84 


1.290 

45.93 

38.03 

1.060 

12.19 

10.67 

8.77 

1.295 

46.70 

38.61 

1.065 

13.19 


9.47 

1.300 

47.47 

39.19 

1.070 

14.17 

12.32 

10.19 

1.305 

48.24 

39.77 

1.075 

15.16 

13.14 


1.310 

49.05 

40.35 

1.080 

16.15 

13.94 


1.315 

49.88 

40.93 

1.085 

17.13 

14.73 


1.320 

50.69 

41.60 

1.090 

18.11 

15.52 

12.99 

1.325 

51.51 

42.08 

1.095 

19.06 

16.31 

13.67 

1.330 

62.34 

42.66 

1.100 

20.01 

17.10 

14.35 

1.335 

63.17 

43.20 

1.105 

20.97 

17.88 

15.03 

1.340 

54.04 

43.74 

1.110 

21.92 

18.66 

15.71 

1.345 

54.90 

44.28 

1.115 

22.86 

19.44 

16.36 

1.350 

55.76 

44.82 

1.120 

23.82 


■IrJIiMI 

1.355 

56.63 

45.35 

1.125 

24.78 

20.99 

17.66 

1.360 

57.54 

45.88 

1.130 

25.75 

21.76 

18.31 

1.365 

58.45 

46.41 

1.135 

26.70 

22.53 

18.96 

1.370 

59.36 

46.94 

1.140 

27.66 

23.30 

19.61 

1.375 

60.27 

47.47 

1.145 

28.61 



1.380 

61.24 

48 . 00 - 

1.150 

29.57 

24.83 

20.91 

1.385 

62.21 

48.53 

1.155 

30.55 

25.59 

21.55 

1.390 

63.20 

49.06 

1.160 

31.52 

26.35 

22.19 

1.395 

64.22 

49.59 

1.165 

32.49 

27.11 

22.83 

1.400 

65.27 

50.11 

1.170 

33.46 

27.87 

23.47 

1.405 

66.37 

60.63 

1.175 

34.42 

28.62 

24.12 

1.410 

67.47 

51.15 

1.180 

35.39 

29.37 

24.76 

1.415 

68.60 

61.66 

1.185 

36.31 



1.420 

69.77 

52.16 

1.190 

37.23 


26.04 

1.425 

70.95 

52.63 

1.195 

38.16 


26.68 

1.430 

72.14 

53.11 

1.200 

39.11 

32.34 

27.32 

1.435 

73.36 

53.69 

1.205 



27.95 

1.440 

74.64 

54.07 

1.210 



28.58 

1.445 

75.94 

54.65 

1.215 


34.53 

29.21 

1.450 

77.24 

55.03 

1.220 


35.26 

29.84 

1.455 

78.56 

55.60 

1.225 




1.460 

79.94 

56.97 

1.230 


36.76 1 

31.11 

1.465 

81.38 

56.43 


* Lunge-Barl. Chtm, Uchn, Unt9rtuehwtg9tn9tkodm» 
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DENSITY OF POTASSIUM AND SODIUM HYDROXIDE 
SOLUTIONS AT IS® C 


Specific 

Gravity 


Per Cent 
NaOH 

Specific 

Gravity 

Per Cent 
KOH 

Per Cent 
NaOH 



0.59 

1.252 

27.0 

22.60 



1.20 


28.2 

23.50 



1.65 

1.274 

28.9 

24.48 

1.029 

3.5 

2.50 


29.8 

25.60 

1.037 

4.5 

3.22 

1.297 

30.7 

26.58 

1.045 

5.6 

3.79 

1.308 

31.8 

27.66 

1.052 

6.4 

4.50 

1.320 

32.7 

28.83 

1.060 

7.4 

5.20 

1.332 

33.7 

30.00 

1.067 

8.2 

5.86 

1.345 

34.9 

31.20 

1.075 

9.2 

6.58 

1.357 

35.9 

32.60 

1.083 

10.1 

7.30 

1.370 

36.9 

33.73 

1.091 

10.9 



37.8 

36.00 

1.100 

12.0 

S.7S 

1.397 

38.9 

36.36 

1.108 

12.9 



39.9 

37.65 

1.116 

13.8 


1.424 

40.9 

39.06 

1.125 

14.8 


1.438 

42.1 

40.47 

1.134 

15.7 


1.453 

43.4 

42.02 

1.142 

16.5 

12.69 

1.468 

44.6 

43.68 

1.152 

17.6 


1.483 

45.8 

45.16 

1.162 

18.6 

14.35 

1.498 

47.1 

47.73 

1.171 

19.5 

15.15 

1.514 

48.3 

48.41 

1.180 

20.5 


1.530 

49.4 

50.10 

1.190 

21.4 

16.91 

1.546 

50.6 


1.200 

22.4 

17.81 

1.563 

51.9 


1.210 

23.3 

18.71 

1.580 

53.2 


1.220 

24.2 

19.65 

1.697 

54.5 


1.231 

25.1 


1.615 

55.9 


1.241 

26.1 

21.55 

1.634 

57.5 
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DENSITY OF AMMONIA SOLUTIONS AT 16® C 


(According to Lunge and Wiernik)* 


Spedfio Gravity 

Per Cent NH| 

Specific Gravity 

Per Cent NH| 

1.000 

0.00 

0.940 

15.63 

0.998 

0.45 

0.938 

16.22 

0.996 

0.91 

0.936 

16.82 

0.994 

1.37 

0.934 

17.42 

0.992 

1.84 

0.932 

18.03 

0.990 

2.31 

0.930 

18.64 

0.988 

2.80 

0.928 

19.26 

0.986 

3.30 

0.926 

19.87 

0.984 

3.80 

0.924 

20.49 

0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

. 0.978 

5.30 

0.918 

22.39 

0.976 

5.80 

6.916 

23.03 

0.974 

6.30 

0.914 

23.68 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.968 

7.82 

0.908 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

0.904 

26.98 

0.962 

9.35 

0.902 

27.65 

0.960 

9.91 

0.900 

28.33 

0.958 

10.47 

0.898 

29.01 

0.956 

11.03 

0.896 

29.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

31.05 

0.950 

12.74 

0.890 

31.75 

0.948 

13.31 

0.888 

32.50 

0.946 

13.88 

0.886 

33.25 

0.944 

14.46 

0.884 

34.10 

0.942 

15.04 

0.882 

34.95 


♦ Lunge'BerU Chem, Uch», Untermtchungtmeikodm* 
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TENSION OP WATER VAPOR ACCORDING TO REGNAULT — Continued 
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TENSION OF WATER VAPOR ACCORDING TO REGNAULT— ConcJutled 


De^ees, 

Tension in 
Millimeters 

Decrees, 

+22.0 

19.659 

+26.5 

22.1 

19.780 

26.6 

22.2 

19.901 

26.7 

22.3 

20.022 

26.8 

22.4 

20.143 

26.9 

22.5 

20.265 

27.0 

22.6 

20.389 

27.1 

22.7 

20.514 

27.2 

22.8 

20.639 

27.3 

22.9 

20.763 

27.4 

23.0 

20.888 

27.5 

23.1 

21.016 

27.6 

23.2 

21.144 

27.7 

23.3 

21.272 

27.8 

23.4 

21.400 

27.9 

23.5 

21.528 

28.0 

23.6 

21.659 

28.1 

23.7 

21.790 

28.2 

23.8 

21.921 

28.3 

23.9 

22.053 

28.4 

24.0 

22.184 

28.5 

24.1 

22.319 

28.6 

24.2 

22.453 

28.7 

24.3 

22.588 

28.8 

24.4 

22.723 

28.9 

24.5 

22.858 

29.0 

24.6 

22.996 

29.1 

24.7 

23.135 

29.2 

24.8 

23.273 

29.3 

24.9 

23.411 

29.4 

25.0 

23.550 

29.5 

25.1 

23.692 

29.6 

25.2 

23.834 

29.7 

25.3 

23.976 

29.8 

25.4 

24.119 

29.9 

26.6 

24.261 

30.0 

26.6 

24.406 

30.1 

26.7 

24.552 

30.2 

26.8 

24.697 

30.3 

26.9 

24.842 

30.4 

26.0 

24.988 

30.5 

26.1 

25.138 

30.6 

26.2 

25.288 

30.7 

26.3 

25.438 

30.8 

26.4 

25.588 

30.9 


Tension in 
Millimeters 

Decrees, 

TenMon in 
Millimeters 

25.738 

+31.0 

33.405 

25.891 

31.1 

33.590 

26.045 

31.2 

33.787 

26.198 

31.3 

33.980 

26.351 

31.4 

34.174 

26.505 

31.5 

34.368 

26.663 

31.6 

34.564 

26.820 

31.7 

34.761 

26.978 

31.8 

34.959 

27.136 

31.9 

35.159 

27.294 

32.0 

35.359 

27.455 

32.1 

35.559 

27.617 

32.2 

35.760 

27.778 

32.3 

35.962 

27.939 

32.4 

36.165 

28.101 

32.5 

36.370 

28.267 

32.6 

36.576 

28.433 

32.7 

36.783 

28.599 

32.8 

36.991 

28.765 

32.9 

37.200 

28.931 

33.0 

37.410 

29.101 

33.1 

37.621 

29.271 

33.2 

37.832 

29.441 

33.3 

38.045 

29.612 

33.4 

38.258 

29.782 

33.5 

38.473 

29.956 

33.6 

38.689 

30.131 

33.7 

38.906 

30.305 

33.8 

39.124 

30.479 

33.9 

39.344 

30.654 

34.0 

39.565 

30.833 

34.1 

39.786 

31.011 

34.2 

40.007 

31.190 

34.3 

40.230 

31.369 

34.4 

40.455 

31.548 

34.5 

40.680 

31.729 

34.6 

40.907 

31.911 

34.7 

41.135 

32.094 

34.8 

41.364 

32.278 

34.9 

41.595 

32.463 

35.0 

41.827 

32.650 



32.837 



33.026 



33.215 
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HEATS OF COMBUSTION OF 1 L OF GAS MEASURED 
AT 0° AND 760 MM BAROMETRIC PRESSURE 


Gas 

Weight of 1 L 
in Grams 

Referred to 

Gaseous Water 
Calories 

Li^d Water 
Calories 

Carbon monoxide 

Hydrogen 

Methane 

Ethylene 

Propylene 

Benzene gas 

Acetylene 

Grenerator gas 

1.25016 

0.09004 

0.71488 

1.25899 

1.93660 

3.48428 

1.18080 

2,560 
2,595 
8,505 
14,018 
21,226 
(?)33,750 
13,582 
about 900 
“ 3,386 

“ 1,400 

5,000 

3,034 
3,077 
9,469 
14,989 
22,720 
(?)36,198 
14,073 
about 1,000 
“ 3,700 

Water gas 


Dowson gas 


Illuminating gas 


“ 5,500 




The values in the above table are based upon Thomsen’s measurements and 
only in the case of benzene is the theoretical density used.* 


STANDARD TEMPERATURES 

At the seventh General Conference on Weights and Measures the following stand- 
ard temperatures were adopted for preparing an international temperature scale. 


Boiling point of oxygen — 182.97° C 

Melting point of ice 0.00 

Boiling point of water 100.00 

Boiling point of sulfur 444.60 

Melting point of silver 960.5 

Melting point of gold 1063 


‘Julius Thomsen, Thermochem. Unlersuchungen (1882), Vol. II, pp. 56, 85, 
107, and Vol. IV, p. 254. 

CO + O = COj + 67,960 cals. 

H, + O = HjO + 68,357 cals. 

CH, +40 =2H20 + C0s + 211,930 cals. 

CsH, + 60 = 2 HjO + 2 COs + 333,350 cals. 

C,H, + 90 = 3 H,0 + 3 CO, + 492,740 cals. 

C,H, + 15 O = 3 H,0 + 6 CO, + 787,950 cals. 

C,H, + 50 = H,0 + 2 CO, + 310,450 cals. 
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MELTING POINTS OF THE CHEMICAL ELEMENTS* 


Element 

C 

F 

Element 

c 

F 

Helium 

<-271 

<-456 

Neodymium 

840? 

1544 

Hydrogen 

-259 

-434 

Arsenic 

8607 

1562 

Neon 

-253? 

-423 

Barium 

850 

1562 

Fluorine 

-223 

-369 

Praseodymium 

940? 

1724 

Oxygen 

-218 

-360 

Germanium 

958 

1756 

Nitrogen 

-210 

-346 

Silver 

960.5 

1761 

Argon 

-188 

-306 

Gold 

1063.0 

1945.5 

Krypton 

-169 

-272 

Copper 

1083.0 

1981.5 

Xenon 

-140 

-220 

Manganese 

1260 

2300 

Chlorine 

-101.5 

-150.7 

Samarium 

1300-1400 

2370-2550 

Mercury 

- 38.9 

- 38.0 

Beryllium 



Bromine 

- 7.3 

+ 18.9 

(glucinum) 

13507 

2462 

Cesium 

4- 26 

79 

Scandium 

? 


Gallium 

30 

86 

Silicon 

1420 

2588 

Rubidium 

38 

100 

Nickel 

1452 

2646 

Phosphorus 

44 

* 111.2 

Cobalt 

1480 

2696 

Potassium 

62.3 

144 

Yttrium 

1490 

2714 

Sodium 

97.5 

207.5 

Chromium 

1520 

2768 

Iodine 

113.5 

236.3 

Iron 

1530 

2786 



S, 112.8 

235.0 

Palladium 

1549 

2820 

Sulfur 


Sn 119.2 

246.6 

Zirconium 

1700? 

3090 



Sm 106.8 

224.2 

Columbium 



Indium 

155 

311 

(Niobium) 

1700? 

3090 

Lithium 

186 

367 


/ >1700 

>3090 

Selenium 

217-220 

422-428 

Thorium 

\ <Pt 

<Pt 

Tin 

231.9 

449.4 

Vanadium 

1720 

3128 

Bismuth 

271 

520 

Platinum 

1755 

3191 

Thallium 

302 

576 

Ytterbium 

? 


Cadmium 

320.9 

609.6 

Titanium 

1800 

3272 

Lead 

327.4 

621.3 

Uranium 

<1850 

<3362 

Zinc 

419.4 

786.9 

Rhodium 

1950 

3542 

Tellurium 

452 

846 

Boron 

2200-2500? 

4000-4500 

Antimony 

630.0 

1166 

Iridium 

2350? 

4262 

Cerium 

640 

1184 

Ruthenium 

2450? 

4442 

Magnesium 

651 

1204 

Molybdenum 

2500? 

4500 

Aluminum 

658.7 

1217.7 

Osmium 

2700? 

4900 

Radium 

700 

1292 

Tantalum 

2850 

5160 

Calcium 

810 

1490 

Tungsten 

3000 

5430 

Lanthanum 

810? 

1490 


f >3600 

f >6500 

Strontium 

>Ca<Ba? 


\«/iiruuii 

Iforp =lat. 

Ifor p — lat. 


* Reproduced from Circular 35 (2nd edition) of National Bureau of Standards. 


APPROXIMATE TEMPERATURES BY COLORS 



Cent. 

Fahr. 


525 

977 


700 

1292 

Cherrv red 

900 

1652 

Dull orange 

1100 

2012 

White 

1300 

2372 

inoT wHit.ft 

1500 

2732 
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DENSITY OF PHOSPHORIC ACID AT 17.6“ 


Specific 

Gravity 

Per 

Cent 

P2O , 

Per Cent 
H,P04 

Specific 

Gravity 

Per 

Cent 

P 2 O, 

Per Cent 
H,P04 

Specific 

Gravity 

Per 

Cent 

P «0, 

Per Cent 
H , P 04 

1.809 

68.0 

93.67 

1.462 

46.0 

63.37 

1.208 

24.0 

33.06 

1.800 

67.5 

92.99 

1.455 

45.5 

62.68 

1.203 

23.5 

32.37 

1.792 

67.0 

92.30 

1.448 

45.0 

61.99 

1.198 

23.0 

31.68 

1.783 

66.5 

91.61 

1.441 

44.5 

61.30 

1.193 

22.5 

30.99 

1.775 

66.0 

90.92 

1.435 

44.0 

60.61 

1.188 

22.0 

30.31 

1.766 

65.5 

90.23 

1.428 

43.5 

59.92 

1.183 

21.5 

29.62 

1.758 

65.0 

89.54 

1.422 

43.0 

59.23 

1.178 

21.0 

28.93 

1.750 

64.5 

88.85 

1.415 

42.5 

58.55 

1.174 

20.5 

28.24 

1.741 

64.0 

88.16 

1.409 

42.0 

57.86 

1.169 

20.0 

27.55 

1.733 

63.5 

87.48 

1.402 

41.5 

57.17 

1.164 

19.5 

26 86 

1.725 

63.0 

86.79 

1.396 

41.0 

56.48 

1.159 

19.0 

26.17 

1.717 

62.6 

86.10 

1.389 

40.5 

65.79 

1.155 

18.5 

25.48 

1.709 

62.0 

85.41 

1.383 

40.0 

55.10 

1.150 

18.0 

24.80 

1.701 

61.6 

84.72 

1.377 

39.5 

54.41 

1.145 

17.5 

24.11 

1.693 

61.0 

84.03 

1.371 

39.0 

63.72 

1.140 

17.0 

23.42 

1.685 

60.6 

83.34 

1.365 

38.5 

53.04 

1.135 

16.5 

22.73 

1.677 

60.0 

82.65 

1.359 

38.0 

52.35 

1.130 

16.0 

22.04 

1.669 

59.6 

81.97 

1.354 

37.5 

51.66 

1.126 

15.5 

21.35 

1.661 

59.0 

81.28 

1.348 

37.0 

50.97 

1.122 

15.0 

20.66 

1.653 

58.5 

80.59 

1.342 

36.5 

50.28 

1.118 

14.5 

19.97 

1,645 

58.0 

79.90 

1.336 

36.0 

49.59 

1.113 

14.0 

19.28 

1.637 

57.5 

79.21 

1.330 

35.5 

48.90 

1.109 

13.5 

18.60 

1.629 

57.0 

78.52 

1.325 

35.0 

48.21 

1.104 

13.0 

17.91 

1,621 

56.5 

77.83 

1.319 

34.5 

47.52 

1.100 

12.5 

17.22 

1.613 

56.0 

77.14 

1.314 

34.0 

46.84 

1.096 

12.0 

16.53 

1.605 

55.5 

76.45 

1.308 

33.5 

46.15 

1.091 

11.5 

15 84 

1.597 

55.0 

75.77 

1.303 

33.0 

45.46 

1.087 

11.0 

15.15 

1.589 

54.5 

75.08 

1.298 

32.5 

44.77 

1.083 

10.5 

14.46 

1.581 

54.0 

74.39 

1.292 

32.0 

44.08 

1.079 

10.0 

13.77 

1.574 

53.5 

73.70 

1.287 

31.5 

43.39 

1.074 

9.5 

13.09 

1.566 

53.0 

73.01 

1.281 

31.0 

42.70 

1.070 

9.0 

12.40 

1.559 

52.5 

72.32 

1.276 

30.5 

42.01 

1.066 

8.5 

11.71 

1.551 

52.0 

71.63 

1.271 

30.0 

41.33 

1.062 

8.0 

11.02 

1.543 

51.5 

70.94 

1.265 

29.5 

40.64 

1.058 

7.5 

10.33 

1.536 

51.0 

70.26 

1.260 

29.0 

39.95 

1.053 

7.0 

9.64 

1.528 

50.5 

69.57 

1.255 

28.5 

39.26 

1.049 

6.5 

8.95 

1.521 

50.0 

68.88 

1.249 

28.0 

38.57 

1.045 

6.0 

8.26 

1.513 

49.5 

68.19 

1.244 

27.5 

37.88 

1.041 

5.5 

7.57 

1.505 

49.0 

67.50 

1.239 

27.0 

37.19 

1.037 

5.0 

6.89 

1.498 

48.6 

66.81 

1.233 

26.5 

36.50 

1.033 

4.5 

6.20 

1.491 

48.0 

66.12 

1.228 

26.0 

35.82 

1.029 

4.0 

5.51 

1.484 

47.5 

65.43 

1.223 

25,5 

35.13 

1.025 

3.5 

4.82 

1.476 

47.0 

64.75 

1.218 

25.0 

34.44 

1.021 

3.0 

4.13 

1.469 

46.5 

64.06 

1.213 

24.5 

33.75 

1.017 

2.5 

3.44 






758 DATA OF IMPORTANT INORGANIC COMPOUNDS 

USEFUL DATA OF THE MORE IMPORTANT INORGANIC 
COMPOUNDS* 


Substance 

Formula 

Molecular 
or Atomic 
Weight 

Weight of 

1 milli- 
equivalent 

Solubility 
in 100 g 

Water 

Anfttic acid 

HCaH,Oa 

60.05 

0.06005 


Aluminum 

A1 

26.97 

0.00899 


chloride 

AUCU 

266.68 

0.04445 

69.87“"? 

chloride 

A1,C1, • 12H,0 

482.88 

0.08048 

40 

oxide 

AI 2 O 3 

101.94 

0.01699 

insol. 

sulfate 

AlaCSO,), 

Al 2 (S 04 )s- 18 H ,0 

NHs 

342.12 

0.05702 

36.1*®® 

Riilfate 

666.41 

0.1111 

87 

Ammonia 

17.03 

0.01703 


Ammonium 

NH 4 

18.04 

0.01804 


chloride 

NH 4 C 1 

63.50 

0.05350 

29. 4''* 

hydroxide 

NH 4 OH 

35.05 

0.03505 


nitrate 

NH4NOa 

80.05 

0.08005 

118»^ 

sulfate 

(NH4)2S04 

Sb 

132.14 

0.06607 

71“® 

Antimony 

121.76 

0.06088 


Arsenic 

As 

74.91 

0.03746 


oxide 

AsaOs 

229.82 

0.05746^ 

150 

Arsenous ovido 

AstOs 

197.82 

0.03297^ 

1.7“® 

Arsenous oxide 

AsaOs 

Ba 

197.82 

0.04946* 

1.7“® 

Barium 

137.36 

0.06868 


carbonate 


197.37 

0.09868 

. 0022 “® 

chloride 

BaCla 

208.27 

0.1041 

30.9®® 

chloride 

BaClr2H,0 

244.31 

0.1222 

36.2®° 

hydroxide 

Ba(OH)a 

Ba( 0 H) 2 - 8 H 20 

BaS04 

171.38 

0.08569 


hydroxide 

316.51 

0.1577 

5.56“® 

sulfate 

233.42 

0.1167 

.000172“"? 

oxide 

BaO 

153.36 

0.07668 

1.5“® 

peroxide 

BaOa 

169.36 

0.08469 

insol. 

Bromine 

Br 

79.92 

0.07992 

4.17“® 

Cadmium carbonate. . 
chloride 

CdCO, 

CdCla 

172.42 

183.32 

0.08621 

0.09166 

insol. 

140200 

chloride 

CdCla-2.5H20 

228.36 

0.1142 

16820® 

sulfide 

CdS 

144.47 

0.07223 

insol. 

Calcium 

Ca 

40.08 

0.02004 


carbonate 

CaCOi 

100.09 

0.05005 

.0013 

chloride 

CaCla 

110.99 

0.055495 

59.6“® 

chloride 

CaCla-eHaO 

219. 08G 

0.10954 

117.4“® 

hydroxide 

Ca(OH), 

74.10 

0.03705 

.17“® 

oxide 

56.08 

0.02804 

.13“® 

sulfate 

C^04 

136.14 

0.06807 

.179“® 

sulfide 

CaS 

72.14 

0.03607 

.15“® 

Carbon 

C 

12.010 

O.OO 6 OO 51 

insol. 

dioxide 

CO, 

Cl 

44.01 

0.02200^ 

179.67 ml,®® 

Chlorine 

35.46 

0.035461 

150 ml.“® 

Chromic anhydride . . 
oxide 

CrO, 

CraO, 

100.01 

152.02 

0.03334* 

0.02534* 

163. 4»® 
insol. 

Citric acid 

HsCsHsO, 

Co 

192.12 

0.06404 

133. 

Cobalt 

58.94 

0.02947 


Copper 

Cu 

63.57 

0.03178* 


oxide 

CuO 

79.67 

0.07957* 


sulfate 

CUSO 4 

CuS04-5H,0 

159.63 

0.1696* 

20 “® 

sulfate 

249.71 

0.2497* 

31.61“® 

sulfide 

CuS 

95.63 

0.04781 

.000033 




^ Precipitation reagents. * Acids and bases. * Oxidizing and reducing agents. 

4 In the iodide method for determining copper the milliequivalent is 0.06367. ■Reduction to Cut O. 
* Compiled and arranged by R. M. Meiklejohn. 
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USEFUL DATA OF THE MORE IMPORTANT INORGANIC 
COMPOUNDS — Continued 


Substance 


Cyanogen 

Ferric oxide 

Ferrous oxide. . 

sulfate 

sulfate 

SJnmon’m sulfate. . 
Hydrobromic acid. . 
Hydrochloric acid. . . 
Hydrocyanic acid. . . 
Hydrofluoric acid. . , 

Hydriodic acid 

Hydrogen peroxide. . 
Hydrogen sulfide . . . 

Iodine 

Iron 

Lead 

carbonate 

chromate 

oxide 

peroxide 

sulfide 

Magnesium 

carbonate 

chloride 

chloride 

oxide 

sulfate 

sulfate 

Malic acid 

Manganese 

chloride 

peroxide 

sulfate 

Mercuric chloride ... 

Nickel 

Nitric acid 

Nitric acid 

Nitrogen trioxide . . . . 

pentoxide 

pentoxide 

Nitrous acid 

Nitrogen 

Oxalic acid 

Oxalic acid 

Phosphoric acid 

Phosphoric acid 

Phosphoric acid 

Potassium 

bicarbonate 

bitartrate 

bromide 

carbonate 

chlorate 


Formula 

Molecular 
or Atomic 
Weight 

Weight of 

1 milli- 
equivalent 

. (CN), 

52.02 

0.02601 

• FejOi 

159.68 

0.07984* 

. FeO 

71.84 

0.07184* 

. FeSO. 

151.91 

0.1519* 

. FeSO,-7H,0 

278.01 

0.2780* 

. FeS 0 ,(NH.)sS 04 - 6 HiC 

392.14 

0.3921 

. HBr 

80.924 

0.08093 

. HCl 

36.46 

0.03646 

. HCN 

27.02 

0.02702 

. HP 

20.01 

0.02001 

. HI 

127.93 

0.1279 

. H 2 O 2 

34.016 

0.01701 

. HjB 

34.076 

0.01704 

. I 

126.92 

0.1269 

. Fe 

55.85 

0.05585 

. Pb 

207.21 

0.1036 

. PbCO. 

267.22 

0.1336 

. PbCr 04 

323.22 

0.1616 

. PbO 

223.21 

0.1116 

PbOj 

239.21 

0.1196 

. PbS 

239.27 

0.1196 

Mg 

24.32 

0.01216 

. MgCO, 

84.33 

0.04216 

. MgCla 

95.23 

0.04762 

MgClr6H/) 

203.33 

0.1017 

. MgO 

40.32 

0.02016 

. MgS04 

120.38 

0.06019 

. MgS04-7Ha0 

246.49 

0.1232 

. H 2 C 4 H 4 O. 

134.09 

0.06705 

. Mn 

54.93 

0.02746 

. MnClj 

125.84 

0 06292 

. MnOa 

86.93 

0.04346 

MnS04 

150.99 

0 07549 

HgCla 

271.52 

0.1358 

, Ni 

1 58.69 

0.02934 

HNOr 

63.02 

0.063022 

HNOs 

63.02 

0.02101* 

N 2 O, 

76.02 

0.01900* 

N 2 O 5 

108.02 

0.05401* 

N 2 O 4 

108.02 

0.01800* 

HNO, 

47.02 

0.04702 

N 

14.01 

0.01401* 

H 2 C 2 O 4 

90.04 

0.04502 

H2C,04-2Ht0 

126.07 

0.06304 

H,P04 

98.00 

0.09800^ 

H,P04 

98.00 

0.04900^ 

H,P04 

98.00 

0.032671 

K 

39.10 

0.03910 

KHCO. 

100.11 

0.1001 

KHC 4 H 4 OS 

188.18 

0.1882 

KBr 

119.01 

0.1190 

KaCOs 

138.20 

3.06910 

KCIO, 

122.56 

3.02043* 


Solubility 
in 100 g 
Water 


insol. 

32.8®® 

1800 

221 . 2 ®® 

82.6^®® 

264 


437 ml.®® 
.0182“® 


.00198 

.00002W® 


.0001 

.0106 

62.2®® 

167 

.00062 

26.9®® 

76.9®® 


62. 16^®® 
insol. 
63.2®® 
6.73®® 


4.9®® 
V. sol. 
V. sol. 
V. sol. 

22.4®® 

.37®® 

53.48»® 

89.4®® 

3.3®4 


* Predpitation reagents. 
M Methyl orange* 


* Acids and bases. 

P. Phenolphthalein. 


* Oxidizing and reducing agenta. 

Temp. C. 
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USEFUL DATA 


USEFUL DATA OF THE MORE IMPORTANT INORGANIC 
COMPOUNDS — Cmudvded 


Substance 

Formula 

Molecular 
or atomic 
weight 

Weight of 

1 milli- 
equivalent 

Solubility 
in 100 g 

Water^ 

Potassium chloride. . . . 

KCl 

74.56 

0.07456 

28.5«° 

chromate 

KjCrO. 

194.20 

0.064733 

61 . 50 ° 


KaPtCle 

486. 16 


insol. in ale. 

cyanide 

KCN 

65.11 

0.0651P 

V. sol. 

dichromate 

KaCraOr 

294.21 

0.147P 

4 . 90 ° 

dichromate 

K2Cr207 

294.21 

0.049033 

4 . 90 *^ 

ferrocyanide 

K4Fe(CN)6 

368.343 

0.36833 


ferrocyanide 

K4Fe(CN)6-3H20 

422.393 

0.4224 

27 812° 

hydroxide 

KOH 

56.10 

0.05610 

10716 ° 

iodate 

KlOa 

214.01 

0.03567 

4.74“° 

iodide 

KI 

166.02 

0.1660 

126. 1“° 

nitrate 

KNO, 

101.10 

0.033703 

13.3“° 

nitrite 

KNO 2 

85.10 

0.08510^ 

30016.6° 

oxide 

K 2 O 

94.19 

0.04710 

V. sol. 

permanganate 

KMn04 

158.03 

0.03161 

2.830° 

sulfide 

K 2 S 

110.25 

0.05513 

sol. 

tartrate 


235.27 

0.1176 

sol. 

thiocyanate 

KCNS 

97.17 

0.09717 

177.20° 

Silver 

Ag 

107.88 

0. 1079 


nitrate 

AgNOa 

169.89 

0.1699 

1220° 

Sodium 

Na 

23.00 

0.02300 


bromide 

NaBr 

102.91 

0. 1029 

79.5“° 

bicarbonate 

NaHCOa 

84.01 

0.08402 

6.900° 

carbonate 

NaiCOa 

106.00 

0.05300 

7.10° 

chloride 

NaCl 

58.45 

0.05^5 

35.7“° 

cyanide 

NaCN 

49.02 

0.04902 

sol. 

hydroxide 

NaOH 

40.01 

0.04001 

133.3>“° 

iodide 

Nal 

149.92 

0 . 14991 

158.7“° 

nitrate 

NaNOa 

85.01 

0.028343 

72.9“° 

nitrite 

NaNOa 

69.01 

0.0690P 

83.3““° 

oxalate 

Na2C204 

134.01 

0.06700 

3.22““° 

oxide ; 

Na 20 

61.99 

0.03100 

decomp. 

phosphate (mono) . . . 

NaH 2 P 04 H 20 

138. OP 

0.1380(?) 

V. sol. 

phosphate (disod) . . . 

Na2HP04 

141.98* 

0. 1420(?) 


phosphate (disod).. . 

Na2HP04l2H20 

358.17 

0.3582(?) 

6.3“° 

phosphate (trisod) . . 

Na 3 P 04 l 2 H 20 

380.16 

0.3802 


sulfide 

ms 

78.05 

0.03903 

15.4““° 

thiosulfate 

NaaSaOa-fiHiO 

.248.20 

0.2482 

74.7»° 

Stannous chloride 

SnCla 

189.61 

0.09481 

83.9“° 

chloride 

SnCl2-2HaO 

225.65 

0.1128 

118.7“° 

oxide 

SnO 

134.70 

0.06735 

insol. 

Sulfur dioxide 

SO 2 

64.06 

0.03203 

7979 ml.“° 

trioxide 

SO, 

80.06 

0.04003 


Sulfuric acid 

H 2 SO 4 

98.076 

0.04904 


Tartaric acid 

H 2 C 4 H 4 O 6 

150.09 

0.07504 

115“° 

Tin 

Sn 

118.70 

0.05935 


Zinc 

Zn 

65.38 

0.03269 


carbonate 

ZnCO, 

125.39 

0.06269 

.001“° 

chloride 

ZnCla 

136.29 

0.06814 

209“° 

oxide 

ZnO 

81.38 

0.04069 

.001° 

sulfate 

ZnSO, 

161.43 

0.08071 

43.02“° 

sulfate 

ZnS04-7H20 

287.54 

0.1438 

115.2“° 

sulfide 

ZnS 

97.44 

0.04872 

.00060 


1 Precipitation reagents. * Acids, bases and salts. * Oxidizing and reducing agents. 

* The small superior numbers in the last column refer to the temperature in degrees Centigrade. 
» In the Liebig KCN titration and in the determination of nickel the milliequivalent is 0.1302. 
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COMPARISON OF METRIC AND CUSTOMARY UNITS (U.S.) 


LENGTH 


1 millimeter, mm = 0.03937 inch. 

1 centimeter, cm = 0.39371 inch. 

1 meter, m = 3.2808 feet. 

1 meter = 1.0930 yards. 

1 kilometer = 0.62137 (U.S.) mile. 


1 inch = 25.4 millimeters. 

1 inch = 2.5400 centimeters. 
1 foot = 0.30480 meter. 

1 yard = 0.91440 meter. 

1 mile = 1.6094 kilometers. 


AREAS 


1 square millimeter, sq mm = 0.00155 sq in. 

1 sq in 

= 

645.16 sq mm. 

1 square centimeter, sq cm = 0.1550 sq in. 

1 sq in 

= 

6.452 sq cm. 

1 square meter, sq m 

= 10.764 sq ft. 

1 sq ft 

= 

0.0929 sq m. 

1 square meter 

= 1.196 sq yd. 

1 sq yd 

z= 

0.8361 sq m. 

1 square kilometer 

= 0.3861 sq mi. 

1 sq mi 

= 

2.5900 sq km. 

1 hectare 

= 2.471 acres. 

1 acre 

= 

0.4047 hectare. 


VOLUMES 




1 cubic millimeter, cu mm = 0.000061 cu in. 

1 cu in 

ss 

16,387 cu mm. 

1 cubic centimeter, ml 

= 0.06103 cu in. 

1 cu in 

= 

16.387 ml. 

1 cubic meter 

= 35.314 cu ft. 

1 cu ft 


0.02832 cu m. 


= 61,028 cu in. 



28.32 liters. 

1 cubic meter 

= 1.3079 cu yd. 

1 cu yd 

= 

0.7645 cu m. 


CAPACITIES 




1 cubic centimeter, ml 

= 0.03381 (U.S.) liquid oz. 

1 ounce 


29.574 ml. 

1 cubic centimeter 

= 0.2705 (U.S.) apothecaries’ 





dram. 

1 dram 

= 

3.6967 ml. 

1 cubic centimeter 

= 0.8115 (U.S.) apothecaries’ 





scruple. 

1 scruple 

= 

1.2322 ml. 

1 liter 

= 1.05668 (U.S.) liquid qt. 

1 quart 

= 

0.94636 liter. 

1 liter 

= 0.26417 (U.S.) gallon. 

1 gallon 


3.78543 liters. 

1 liter 

= 0.11351 (U.S.) peck. 

1 peck 

= 

8.80982 liters. 

1 hectoliter 

» 2.83774 (U.S.) bushels. 

1 bushel 

= 

0.35239 hectoliter. 


Igram 

Igram 

Igram 
1 kilogram 
1 kilogram 


MASSES 


15.432 grains. 

0.03527 avoirdupois 
ounce. 

0.03215 troy ounce. 
2.2046 pounds (av.). 
2.6792 pounds (troy). 


1 grain *= 0.06480 gram. 


1 ounce (av.) = 28.350 grams =* 437.5 grains. 
1 ounce (troy) =31.103 grams = 480 grains. 

1 pound (av.) = 0.4536 kilogram. 

1 pound (troy) = 0.37324 kilogram. 
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WEIGHTS, VOLUMES, ETC. 


^AVOIRDUPOIS WEIGHT 

The system of weights in ordinary use by which common or heavy articles are 
weighed. 

16 drams = 1 ounce = 28.35 grams. 

16 ounces = 1 pound = 453.59 grams. 

25 pounds = 1 quarter = 11.34 kilograms. 

4 quarters = 1 hundred weight = 45.359 kilograms. 


APOTHECARIES* WEIGHT (and TROY) 

The system of weights sometimes employed in weighing medicines (and precious 
metals \ 

1 grain • = 0.0648 gram. 

20 grains = 1 scruple = 1.296 grams. 

3 scruples = 1 drachm = 3.888 grams. 

8 drachms = 1 ounce = 31.10 grams. 

12 ounces = 1 pound = 373.23 grams. 

1 apothecaries’ (or troy) pound contains 5760 grains. 

1 apothecaries’ (or troy) ounce contains 480 grains. 

1 troy pound = 12 troy ounces = 13.166 avoirdupois ounces * 240 pennyweights. 


1 minim 
60 minims 
8 fluid drachms 
16 fluid ounces 
8 pints 


FLUID MEASURE 

- 0.06161 

1 fluid drachm ~ 3.696 

1 fluid ounce = 29.573 
1 U.S. pint = 473.18 
1 U.S. gallon = 3.785 


cubic centimeter, 
cubic centimeters, 
cubic centimeters, 
cubic centimeters, 
liters. 


1 U.S. gallon contains 231 cubic inches. 


The minim, fluid drachm, fluid ounce and pint are the fluid measures sometimes 
employed by apothecaries. 

1 U.S. gallon of water = 8.64 lbs. 


Useful Approximations 

1 molecular weight in grams of a gas = 22.4 liters. 

1 molecular weight in pounds of a gas = 359 cubic feet. 

To find temperatures on the absolute scales, which starts at the “ absolute ” zero, 
add 273® to the reading of the Centigrade thermometer or 459.4® to the reading of 
the Fahrenheit thermometer. The so-called “standard conditions’’ for measuring 
gases (0® and 760 mm of Hg pressure) are 273® (absolute) and 760 mm or 491.4® F. 
(absolute) and 29.92 inches of mercury pressure or 14.7 pounds per square inch. 


SPECIFIC GRAVITIES OF COMMON SUBSTANCES 


Aluminum 

2.7 

Lead 

11.3 

Quartz 

2.66 

Brass 

8.4 

Marble 

2.7 

Rock Salt 

2.16 

Cast iron 

7.3 

Mercury 

13.6 

Silver 

10.5 

Glass 

2.6 

Nickel 

8.7 

Steel 

7.8 

Gold 

19.3 

Platinum 

21.4 

Sulfur 

2.05 

Ivory 

1.0 

Porcelain 

2.4 

Zinc 

7.10 
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TABLES FOR CALCULATING ANALYSES 


DIRECTIONS FOR USING THE TABLES 


Computations of Gravimetric Analysis. The methods of computing the re- 
sults in gravimetric work have been shown in the text. In the so-called direct analysis 
it is assumed that all the desired element in the original substance is converted 
into a weighed precipitate of which a known fraction consists of the element in 
question. The fraction, usually expressed as a decimal, which represents the 
amount of an element A in one of its compounds is commonly called the chemical 
factor: It represents the weight of A in I part by weight of the compound, inde- 
pendent of what unit of weight is used. 

Thus, to be specific, I g of silver chloride contains 0.7526 g of silver; 1 lb of 
silver chloride contains 0.7526 lb of silver. If p g of silver chloride is obtained from 
s g of original substance, then 0.7526 p is the weight of silver in the sample taken and 


0.7526 p X 100 


= per cent of silver in the substance analyzed. The general rule 


for computing a direct gravimetric analysis is as follows: Multiply the weight of 
the precipitate by 100 times the chemical factor and divide by the weight of the 
original substance. Using the notation as above: 


p X chem. factor X 100 , . , 

= desired percentage 


A table of chemical factors is given on the following pages. The use of the table 
may be illustrated by an example: 

From 0.5 g of arsenic ore, 0.4761 g of MgsAsaO? was obtained. What is the 
percentage of arsenic in the ore? 

In the table (p. 768) we seek As ” under the heading “ Sought ” and Mg 2 As 207 
under the heading “ Found," and we find on the same line that the chemical factor 
is 0.4826. Finally, in the fourth column we find that the logarithm of this number 
multiplied by 100 is 1.6836. The computation is as follows: 

log factor X 100 1.6836 

log 0.4761 9.6777 - 10 

colog 0.5 0.3010 

1.6623 log of 45.95 

The ore contains 45.95 per cent of arsenic. 

If the weight of ore had been 0.4826 g (a so-called factor weight) the percentage of 
arsenic would have been found by multiplying the weight of precipitate by 100. 

This table of factors is convenient, but every chemist should know how to com- 
pute any factor. As this often causes trouble for beginners, the method of com- 
puting the factors will be discussed. 

Computing the Factor. The symbol AgCl shows that 1 atomic weight of silver, 
107.88, is present in 1 molecular weight of silver chloride, 143.34. This ratio of 
weights is independent of the unit of weight used and is just as true of tons, pounds, 
ounces, or grains as it is of grams. Using the conception of the gram-molecular 
weight, the formula shows that 107.88 g of silver is present in 143.34 g of silver 
chloride. If 143.34 g of silver chloride contains 107.88 g of silver, 1 g of silver 
107 88 

chloride will contain ^ * 0.7526 g silver. In other words, the chemical 
143.34 
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factor for silver in silver chloride is found by dividing the atomic weight of silver 
by the molecular weight of silver chloride. Using symbols, the chemical factor in 
Ag 


this case is 


AgCl 


It represents the ratio of whai is sought to what has been found. 


In the arsenic analysis referred to above, the symbol for magnesium pyroarsenate, 
Mg2As207, shows that 2 atoms of arsenic are present in the molecule. The chemical 
2As 149.8 


factor is : 


= 0.4826. 


MgjAsaO: 310.6 

As a still more complicated case, assume that a sample of magnetite is analyzed 
in such a way that all the iron is converted into Fe203 and it is desired to know 
the weight of Fe304 originally present. The chemical factor for converting a weight 

2Fe304 463.1 

of Fe203 into the equivalent weight of Fes04 is — = — — = 0.9666. 

4/y.l 

The concept of the chemical factor may be applied to any chemical equation as 
well as to any precipitate. The following equation represents the reaction between 
ferrous ions and dichromate ions: 

6Fe++ 4- CraO:"" + 14H+ 6Fe+++ + 2Cr+++ + THjO 


On the basis of this equation we can compute the weight of ferrous ammonium 
sulfate which will react with a given weight of pota.ssium dichromate. The chemical 
factor is 


6[FeS044NH4)2S0461l20] 

KaCraOr 


6 X 392.1 
294.2 


= 7.997 


If the weight of dichromate is multiplied by this factor the product will be the equiva- 
lent of ferrous ammonium sulfate. If a weight of ferrous, ammonium sulfate is 
divided by 7.997, the quotient is the equivalent weight of dichromate. 

It is possible to arrive at the same result by a slightly different method of reasoning, 
and this other method is more like the one used in volumetric computations. If the 
weight of ferrous ammonium sulfate, p, is divided by the molecular weight of ferrous 
ammonium sulfate, the quotient represents the number of moles of ferrous ammo- 
nium sulfate present. The equation, however, shows that one-sixth as many moles 
of dichromate are required so that by dividing by 6 and multiplying by the molec- 
ular weight of dichromate the weight of dichromate is obtained. In each case the 
computation may be expressed as follows: 


V X K2Cr207 

FeS04 (NH4)2S04-6Il20 X 6 


= weight of dichromate 


The fraction arTF i represents the weight of dichromate which 

6 FeS 04 - (NH4)2S04*6H20 

corresponds to 1 g of ferrous ammonium sulfate; the fraction 

P 

FeS04(NH4)2S04-6H20 

represents the number of moles of ferrous ammonium sulfate present. 

It is evident from the foregoing discussion that ordinary chemical arithmetic 
is really very simple. Formerly the so-called rule of three ” was used more in 
elementary textbooks on arithmetic than it is today. In Germany it is still used 
more than in the United States. Most textbooks on analytical chemistry have been 
influenced by German practice and beginners in chemistry have been taught to 
use proportions in chemical arithmetic instead of reasoning out unit values as 
they have been taught before studying chemistry. In the above discussion not 
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a single proportion has been written out to be solved mechanically by the rule that 
“ the product of the means is ecjual to the product of the extremes.” 

Computations of Volumetric Analysis. 

1. Relative Strength of Solutions. 

(a) If a ml of solution A = 6 ml of solution B, then 

1 ml of solution A = - ml solution B; 1 ml of R = 7 ml of A. 

a , b 

(b) If solution A is V-norraal, then solution R is - X V-normal. 

b 

(c) If solution A is V-normal and solution B is iV/-normal, then 1 ml 

of A = N/M ml of B) 1 ml oi B = M/N ml of A. 

2. Normal Strength or Normality. 

The normal strength gives the number of milliequivalents contained in 1 ml 
of solution. Thus, 1 ml of a normal solution contains 1 milliequivalent 
in each milliliter. 

(а) To find the normality, divide the value of 1 ml in terms of any pure 

substance by the milliequivalent of that substance. Thus, if ml 
represents the number of milliliters of solution that contains or is 
equivalent to ^ g of a pure substance (of which the milliequivalent 

is e), then the normality, V, is = N. 

Q 

( б ) If N is the normality, and e the milliequivalent, then 1 ml of the solu- 

tion = e X V g of the substance in question. 

The milliequivalent may be part of the molecule : thus 
1 ml of 0.3 N acid = 0.3 X 0.031 g of NazO. 

3. General Method of Finding the Percentage by W eight. 

Let ml represent the net volume of reagent required, N the normality 
of the reagent, s the weight of substance taken, and e the milli- 
equivalent weight of the constituent who.se percentage is required. 

ml X N X e X 100 

Then = per cent. 

s 

Note that, if s = V * c • 100 , then ml — per cent. 

4. Equivalent Weights. 

(a) Acids. Let M == molecular weight, MO = methyl orange, P = 
phenolphthalein. The first three acids may be titrated with either 


indicator. 


Ac^ 

Equivalent 

HCl 

M 

HNOs 

M 

H 2 SO 4 

M/2 

HCsHaOj 

M (With P) 

H 2 C 4 H 4 O. 

M /2 (With P) 

H 2 CO 1 

M (With P) 

KHC 4 H 40 « 

M (With P) 
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H2C2O4 • 2H2O 
KHC,04 

KHC2O4 • H2C2O4 • 2H2O 
H,P04 
H,P04 
H2BO, 


M/2 (With P) 

M (With P) 

M/3 (With P) 

M (With MO) 

M/2 (With P) 

M (With P and glycerol, not acid to MO) 


(b) Bases 


Equivalent 


KOH . 
NaOH 
NH 4 OH 
Ba(OH)a 


M 

M 

M (With MO) 
M/2 


(c) SALTS OP WEAK ACIDS 

Salts of carbonic and boric acids may be titrated with methyl 
orange as if the free base were present. With phenolphthalein the 
end point is reached when the carbonate is completely changed to 
bicarbonate. Thus NaaCOs titrates as if it were 2NaOH with methyl 
orange but reacts with only one (1) equivalent of acid if phenol- 
phthalein is used in the cold. 


(d) OXIDIZING agents: 


Substance 

Reduction Change 

Equivalent 

KaCraOT 

Each Cr loses 3 charges 

M /6 

KMn04 

Mn+vn to Mn+“ 

M/5 

KMn04 

Mn+vn to MnOa 

M/3 

Mn02 

Mn+>v to Mn+“ 

M/2 

KBrOs or KlOa (Br or I)+v to (Br or I) '* 

M/6 

Free Cl, Br, I 

Cu++ (Iodide method) 

To (Cl, Br, or I)-* 

At. Wt. 

ToCu+ 

At. Wt. 

NasOa 

0=*= to O’" 

M/2 

(e) REDUCING agents; 

Substance 

Oxidation Change 

Equivalent 

HaS 

S- to S® 

M/2 

SnCl, 

Sn++ to Sn++++ 

M/2 

HI 

1“ to P 

M 

Zn 

Zn® to Zn++ 

M/2 

Fe 

Fe® to F^+ 

At. Wt. 

Fe (After solution in acid) 

Fe-H- to Fe+++ 

At. Wt. 

Fe (Any ferrous salt containing IFe) 

Fe++ to Fe+++ 

M 

HaOa (With KMn04) 

0=*= to 0++ 

M/2 

K 4 Fe(CN)« 

To lFe(CN)«]- 

M 

HaC 204 HaO or KHC 2 O 4 or Na 2 C 204 

To 2GOa 

M/2 

KHC204H2C204-2H20 

To 4 CO 2 

M/4 

NaaSaOs 

To MNa 2 S 40 , 

M 

AsaOi 

To 2A80»" or 2 ASO 2 ” 

M/4 
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5. Equivalent weight depends on the reaction. 

Considered as a salt (that is, as if it were a precipitant) the equivalent weight of 
KMn04 = Af. A solution of KMnOi which is normal as a salt would be 5 A in a 
reaction with a ferrous salt whereby the Mn loses 5 valence charges, and would 
be 3 N in a reaction whereby the KMn04 is only reduced to MnO*. 

Similarly the equivalent weight of potassium b inoxalate, KHC2O4, or of potassium 
tetroxalate, KHC204*H2C204-2H20, depends upon the replaceable hydrogen when 
considered as an acid, but as reducing agents the oxalate content alone is to be 
considered. A solution of tetroxalate which is normal as an acid is four-thirds 
normal as a reducing agent. Arsenic acid is like phosphoric acid as an acid, but 
in the reaction with hydr odic acid the As is reduced from the quinquevalent to the 
tri valent state (cf. pp. 448-452). 

In the following tables the values of the chemical factors are given to four sig- 
nificant figures and with four-place logarithms. Most chemical work is not suffi- 
ciently precise to justify the use of five- or six-place logarithms, and the four-place 
table is much easier to use. In some handbooks, if not in all, the molecular weights 
are given to as many significant figures as is possible from the international atomic 
weights. This involves two erroneous assumptions, namely, that the atomic weights 
are known positively to the last decimal given in the atomic-weight table and that 
the gram-molecular weight, with weighings made in the air with brass weights, is 
the exact sum of the atomic weights on a vacuum basis. The analytical chemist 
rarely allows for air displacement by the weights and objects weighed, but this is 
done in atomic-weight determinations. Thus, according to the atomic-weight 
table, the molecular weight of FeS04-(NH4)2S04-6H20 is 392.146, but the value is 
really 391.890 on the basis of air weighing. The value 392.1 as obtained from the 
table to four significant figures does not lead to the erroneous assumption that the 
value is known to more than the first decimal. Moreover, although hydrogen may 
be known to the third decimal place, the value of iron is doubtful in the second 
decimal place, and the accuracy of the molecular weight of an iron compound is 
doubtful in the second decimal place at best. 
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CHEMICAL FACTORS* (CALCULATED FOR 1941) 


Sought 

Found 

Factor 

Log 

g 

AgBr 

0.5744 

9.7593 

AgCl 

0.7526 

9.8766 


AgCN 

0.8057 

9.9062 


Agl 

0.4595 

9.6622 


AgNOa 

0.6350 

9.8028 


Ag20 

0.9310 

9.9689 


Ag,S 

0.8706 

9.9398 


Ag3P04 

0.7731 

9.8882 


Ag4P207 

0.7127 

9.8529 

gaO 

AgCl 

0.cS084 

9.9076 

,1 

A 1203 

0.5291 

9.7236 


A 1 P 04 

0.2212 

9.3447 

.I 2 O, 

A 1 P 04 

0.4178 

9.6210 

IF, 

CaF, 

0.7170 

9.8555 

ICl, 

AI 2 O, 

2.616 

0.4177 

liCSO,), 

AI 2 O 3 

3.356 

0.5258 

1 ,( 804 ) 3 . 18 , 

H 2 O 

AI,0, 

6.537 

0.8154 

s 

AS 2 O 3 

0.7574 

9.8793 


AS 2 O 6 

0.6519 

9.8142 


AS 283 

0.6090 

9.7846 


AS 28 , 

0.4831 

9.6840 


I, 

0.2951 

9.4700 


Mg2AS207 

0.4826 

9.6836 


Mg2P207 

0.6730 

9.8280 


(NH4MgAs04)2 
H 20 

0.3937 

9.5952e 

8 , 0 * 

AS 206 

0.8()08 

9.9349 

9.9053 

AS 283 

0.8041 


AS 2 S 6 

0.6379 

9.8047 


2 I 2 

0.3897 

9.5907 


Mg2As207 

0.6372 

9.8043 


Mg2P207 

0.8887 

9.9487 


(NH4MgAs04)2 
H 20 

0.5198 

9.7159 

sO* 

AS 283 

0.9993 

9.9997 


AS 286 

0.7927 

9.8991 


Mg 2 A 82 O 7 

0.7918 

9.8986 


Sought 

Found 

Factor 

Log 

AsOa 

Mg2P207 

(NH4MgAs04)2 

1.104 

0.0431 


IhO 

0.6459 

9.8102 

As20, 

AS 2 S 3 

0.9342 

9.9705 


AS2Sc 

0.7411 

1.8699 


212 

0.4527 

9.6558 


Mg2As207 

0.7403 

1.8694 


Mg2P207 

(NH4MgAs04)2 

1.032 

0.0139 


II 2 O 

0.6039 

9.7810 

AsO, 

As,^, 

1.129 

0.0528 


AS 2 S 6 

0.8957 

9.9522 


T 2 

0.5473 

9.7382 


Mg2As207 

0.8949 

9.9518 


Mg2P207 

(NHiMgAsO,),. 

1.2477 

0.0962 


H 2 O 

0.7300 

9.8633 

Au 

AuCl, 

0.6496 

9.8126 


HAUCI 4 . 4 H 2 O... 

0.4785 

9.6799 


KAu(CN)4.H20. 

0.5503 

9.7406 

B 

B 2 O 3 

0.3107 

9.4924 


Ikbf, 

0.08593 

8.9342 


II 3 BO 3 

0.1750 

9.2430 


Na2B,0,.10H,0 . 

0.1135 

9.0549 

B 2 O, 

KBF 4 

0.2766 

9.4418 


H 3 BO 3 

0.5630 

9.7505 


Na2B4O7.10H2O. 

0.3652 

9.5625 

BO, 

B 2 O 8 

1.230 

0.0898 

BO, 

B 2 O 3 

1.689 

0.2277 

B 4 OT 

B 2 O 3 

1.115 

0.0472 

Ba 

BaCl2.2H20 

0.5621 

9.7498 


BaCO, 

0.6960 

9.8426 


BaCr04 

0.5421 

9.7341 


BaS04 

0.5885 

9.7697 


BaSiFe 

0.4916 

9.6916 

BaO 

BaCO, 

0.7770 

9.8904 


BaCr04 

0.6053 

9.7820 


BaSO, 

0.6570 

9.8176 


BaSiF, : 

0.5489 

9.7395 


• The use of the table will be illustrated by two examples. (1) What weight of silver corresponds to p grams 
of silver bromide? Look up Ag in the column “Sought’’ and AgBr in the column “Found.” For computation 
with a slide rule, use column 3, p X 0.6744 = weight of Ag. With logarithms, log p 9.7592 »» log weight of Ag. 
(2) What weight of silver bromide corresponds to q grams of silver? Use the same factor as before but divide by 
it or subtract tne logarithm. _ 

Strictly speaking, the logarithm in the above case is not 9.7592 but 9.7692 — 10 or 1.7592, in which the charao- 
ieristic is a negative number and the mantissa a positive fraction. It is a little easier to use the first expression 
and in chemical computations it is not necessary to write out the —10 each time because there is never any 
doubt whether a characteristic of 7, 8, or 9 represents a very large number or a number less than unity. 

In computing the weight of silver bromide instead of subtracting the logarithm 9.7592 it is more convenient to 
add the co-logarithm 0.2407 which is obtained quickly by subtracting each digit of 9.7592 from 9 ezoept the Icwil 

which is subtracted from 10. It gives the logarithm of ■■ 0.2408. 
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CHEMICAL FACTORS — Continued 


Sought 

Found 

Factor 

Log 

Sought 

Found 

1 Factor 

Log 

BaOj 

Ba 

BaCr 04 

BaS04 

. 1.233 
. 0.6685 
0.7256 

0.0909 

9.8251 

9.8607 

CO 2 

MgCO, 

Mg(HCO ,)2 

MgO 

, 0.5219 
, 0.6014 
1.091 
0.3829 
0.4974 
0.4151 
0.5238 
0.7099 
0.4580 
0.1647 
0.1905 
0.3004 
0.2980 
0.4198 
0.4247 
0.3509 

9.7176 

9.7791 

0.0379 

9.5330 

9.6967 

9.6182 

9.7192 

9.8512 

9.6608 

9.2166 

9.2800 

9.4777 

9.4743 

9.6230 

9.6281 

9.5452 

BaCOs 

BaCl 2 . 2 H 20 

BaCr04 

BaFa 

Ba(N03)2 

Ba3(P04)2 

BaS 

BaS04 

BaS04 

BaS04 

BaSiFe 

BaS04 

BaS04 

BaS04 

0.8456 

1.047 

1.085 

0.6276 

1.120 

0.8.599 

0.7258 

9.9271 

0.0198 

0.0356 

9.7977 

0.0491 

9.9345 

9.8608 


MnCOs 

Mn(IIC03)2 

NaaCOs 

NaHCOs 

NaaO 

(NH4)2C0, 

PbCO, 

RbaCO, 

Be 

BeO 

BeO 

BeO 

BeCU 

BeS04.4H20. . . . 

0.3605 

0.3130 

0.1412 

9.5569 

9.4956 

9.1500 


Rb (HCO 3 ) 

SrCOs 

Sr(HC03)2 

SrO 

Bi 

BiaOa 

0.8970 

9.9528 

9.9044 

9.8372 

9.9101 

9.7786 


ZnCOs 

BiOCl 

BiP04 

0.8024 

0.6874 

0.8129 

0.6006 

CO 3 

CO 2 

1.364 

0.1347 

9.5576 

9.6025 

9.4382 

9.4954 

9.7103 

9.8541 

9.4689 

9.9595 

BiaS, 

BiAs 04 

Ca 

CaCla. 

CaCOa 

0.3611 

0.4005 

0.2743 

0.3129 

0.5133 

0.7146 

0.2944 

0.9109 

BiaO* 

Bi 

BiOCl 

BiP04 

Bi2S3 

BiAs04 

BiONOa 

1.115 

0.8946 

0.7663 

0.9063 

0.6696 

0.8118 

0.4803 

0.0472 

9.9516 

9.8844 

0.9573 

9.8258 

9.9095 

9.6815 

CaC204.IIjO. . . . 

CaC204 

CaFj 

CaO 

CaS 04 

CO 2 

Bi(N03)3,5H20 

CaO 

CaCOs 

0.5603 

0.3838 

0.4378 

0.7182 

0.3459 

0.2225 

0.4414 

0.2773 

0.5424 

0.4667 

0.4119 

0.3257 

1.274 

9.7484 

9.5841 

9.6413 

9.8563 

9.5390 

9.3472 

9.6448 

9.4430 

9.7343 

9.6691 

9.6148 

9.5128 

9.1053 

Br 

Ag 

AgBr 

AgCl 

HBr 

0.7408 

0.4256 

0.5576 

0.9874 

9.8697 

9.6290 

9.7463 

9.9945 

CaC2()4.Il20. . . , 

CaC204 

CaFa 

Ca(lIC 02)2 

Ca(H2P04)2.H20 

CajPjO, 

Ca(HS03)2 

Ca3(P04)2 

CaSOs 

CaS04 

CaS 04 . 2 H 20 . . . . 
CO 2 

BrOs 

Ag 

AgBr 

1.186 

0.6812 

0.0740 

9.8332 

BraOc 

Ag 

AgBr 

1.111 

0.6386 

0.0459 

9.8052 

C 

CO 2 

0.2729 

0.0609 

9.4360 

8.7843 

BaCOs 

Ca,(P 04 ), 

CaS 

CaSO, 
CaS 04 . 2 HiO 
CaFi i 

Mg2P207 

BaSO^ 

BaS04 

CaO 

Ca804 

1.394 

0.3091 

0.5832 

3.070 

0.5735 

0.1441 

9.4901 

9.7658 

0.4872 

9.7586 

CO 2 

] 

] 

] 

BaCOs 

BaO 

Ba(HC 08)2 

CaCOs ] 

0.2230 
0.2870 
0.3393 
5.4397 
0.5429 ' 
0.7846 1 
0.7334 ! 
0.1351 1 
0.3799 ! 
0.4948 < 
0.3184 < 
3.4396 < 
3.5956 < 
3.6476 { 

9.3483 

9.4578 

9.5306 

9.6434 

9.7348 

9.8946 

9.8653 

9.1306 

9.5797 

9.6944 

9.5029 

9.6431 

9.7750 

9.8113 

Ca(HCO ,)2 ! 

CaO I 

Cb 1 

CbaO, 1 

0.6990 

9.8445 

CO, ( 

CS 2 CO 8 1 

FeCOs ( 

Fe(HC08)2 ( 

Cd ( 

CdO < 

CdS ( 

CdS04 ( 

0.8754 

0.7781 

0.5392 

9.9422 

9.8910 

9.7317 

KaCO, ( 

k:hco 8 ( 

LiaCOa ( 

LiHCO, ( 

CdO ( 

( 
( 

CdS ( 

Cd 

CdS04 1 

0.8888 ' 
1.142 1 

0.6160 ' 

9.9488 

0.0578 

9.7896 
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CHEMICAL FACTORS — Continued 


Cd 1.285 0.1090 Cr 

CdO 1.125 0.0512 

CdSOi 0.6930 9.8407 

CeCNO,), 0.3610 9.5575 Cr,0, 

Ce,Oj 0.8538 9.9313 

CeO, 0.8141 9.9107 

Ce2(S04). 0.4930 9.6929 

CrOa 

CeOa 0.9536 9.9794 

Ag 0.3287 9.5168 

AgCl 0.2474 9.3933 

AgNO, 0.2087 9.3196 


AgiNUa U.ZU8/ y.diyo 

HCl 0.9724 9.9878 Cr04 

I 0.2794 9.4462 

KCl 0.4756 9.6772 

MnOa 0.8158 9.9116 

NaCl 0.6066 9.7829 Cs 

NH4CI 0.6628 9.8214 

RbCl 0.2932 9.4672 


,0.5823 9.7651 

.1.119 0.0490 

. 1.428 0.1546 CsaO 


AgCl 0.6939 0.8413 

KCl 1.334 0.1251 

NaCl 1.701 0.2308 

Cu 

AgCN 0.1943 9.2886 

Ag 0.2413 9.3826 

KCN 0.3996 9.6016 

NaCN 0.5308 9.7249 

HCN 0.9627 9.9835 

AgCNS 0.3500 9.5440 CuO 

Cu 2 (CNS )2 0.4774 9.6789 

BaS04 0.2488 9.3959 

KCNS 0.5977 9.7765 

NH 4 CNS 0.7630 9.8825 

Co(NOs)2.6H20 0.2025 9.3064 

KsCo(N 02)6.... 0.1303 9.1150 EraOa 

CoO 0.7865 9.8957 Er 

C 03 O 4 0.7342 9.8658 

C 0 SO 4 0.3803 9.5801 F 

C 0 SO 4 . 7 H 2 O. . . . 0.2097 9.3216 


loO 

Co 

1.271 

0.1043 


Co(NO,) 2 . 6 H 20 . 

0.2575 

9.4107 


K,Co(N 02 )a. . . . 

0.1657 

9.2193 


C 08 O 4 

0.9336 

9.9702 


C 0 SO 4 

0.4835 

9.6844 


C 0 SO 4 . 7 H 2 O. . . . 

0.2666 

9.4258 


Found Factor Log 

PbCr04 0.1609 9.2067 

luCr^Or 0.3535 9.5484 

K2Cr04 0.2678 9.4278 

BaCr04 0.3000 9.4771 

PbCr04 0.2352 9.3715 

CrOa 0.7600 9.8808 

BaCr04 0.3947 9.5963 

CraOa 1.316 0.1192 

PbCr 04 0.3094 9.4906 

K2Cr04 0.5150 9.7118 

KaCraOy 0.6799 9.8324 

BaCr04 0.4578 9.6607 

CraOs 1.526 0.1837 

PbCr04 0.3589 9.5550 


CsCl 0.7893 9.8973 

CS 2 O 0.9432 9.9746 

C 82 CO 3 0.8157 9.9116 

C 82 SO 4 0.7344 9.8659 

Cs 2 PtCl 6 0.3945 9.5960 

CsCl 0.8370 0.9227 

CS 2 CO 3 0.81350 9.9370 

CS 2 SO 4 0.7788 9.8914 

CsaPtCla 0.4182 9.6214 

CU 20 0.8882 9.9485 

CuO 0.7989 9.9025 

CU 2 S 0.7986 9.9023 

Cu2(CNS)2 0.5226 9.7181 

CuSO 0.3982 9.6001 

CUSO 4 . 5 H 2 O. . . . 0.2546 9.4058 

Cu 1.252 0.0975 

CU 2 O 1.112 0.0460 

CU 2 S 0.9996 9.9998 

Cu2(CNS)2 0.6541 9.8156 

CUSO 4 0.4985 9.6976 

CUSO 4 . 5 H 2 O. . . . 0.3186 9.5032 

Er 1.144 0.0583 

EraOs 0.8745 9.9417 

BaSiFa 0.4080 9.6107 

GaFa 0.4866 9.6872 

^S04 0.2791 9.4457 

HF 0.9500 9.9777 

HzSiFa 0.7913 9.8983 

K2SiF6 0.5176 9.7140 

NaF 0.4524 9.6555 

SiF4 0.7302 9.8634 

FeaOa 0.6994 9.8447 

FeCla 0.4405 9.0440 

FeCla.OHaO 0.2066 9.3152 
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CHEMICAL FACTORS - Continued 


Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor 

Log 

Fe 

Fe(HCO,)j 

FeO.... 

Fe.O. 

0.3140 

0.7773 

0.7236 

0.3702 

0.6352 

0.3676 

0.2009 

0.1424 

9.4969 

9.8906 

9.8595 

9.5684 

9.8029 

9.5654 

9.3029 

9.1536 

HF 

F 

KaSiF, 

1.053 

0.5451 

0.0224 

9.7364 

FcPOa 

FeS 

FeSO* 

FeS 04 . 7 H, 0 . . . 

FeS04(NH4)j 
S04.6 Hs0. . . . 

HI 

Ag 



Pdia 

1.186 

0.5448 

2.398 

0.7097 

0.0740 

9.7362 

0.3799 

9.8510 

HNOa 

AgNO^ 

0.3055 

1.567 

9.4850 

0.1950 

FeO 

Fe 

1.287 

0.6202 

0.4039 

0.8998 

0.4761 

0.8172 

0.4729 

0.2584 

0.1832 

0.1094 

9.7925 

9.6063 

9.9542 

9.6777 

9.9123 

9.6747 

9.4123 

9.2630 


NO 

FeCO, 

Fe(HC 03 )j 

Fe 203 

FeP04 

FeS 

FeSO^ 

FeS04.7Hi0. . . . 
FeS04(NH,)2 
SO 4 . 6 H 2 O 

HNOa 

KNOa 

N 

NaNOa 

NHs 

NH 4 CI 

(NIDaPtCl,.... 

NO 

N 2 O 3 

N 2 O 4 

0.6233 

4.498 

0.7413 

3.701 

1.178 

0.2838 

2.100 

1.658 

1.370 

1.167 

0.1679 

0.6457 

9.7947 

0.6530 

9.8700 

0.5683 

0.0711 

9.4530 

0.3222 

0.2196 

0.1367 

0.0671 

9.2250 

9.8100 

Fe 208 

Fe 

FeClj 

FeCOa 

1.430 

0.4922 

0.6892 

1.035 

0.5292 

0.9082 

0.6655 

0.3993 

0.1656 

0.1553 

9.6922 

9.8383 

0.0149 

9.7237 

9.9582 

9.8231 

9.6013 

9.2190 


NjOa 

CjoHuN.HNOa. . 
Pt 

Fe,04 

FeP04 

FeS 

FeSs 

Fe 2 (SO.)a 

(NH,)jS04.Fe2 
(S04)a.24H2O . 

H 3 PO 4 

HPOs 

H4P20r 

Mg2P207 

P 

P 2 O, 

1.225 

1.101 

0.8806 

3.163 

1.380 

0.0881 

0.0419 

9.9448 

0.5001 

0.1401 

HaPtCle. 

6 H 2 O 

Pt 

2.654 

0.4239 

FeSj 

BaS04 

0.2570 

9.4099 

H 

H 2 O 

0.1119 

9.0488 

H 2 S 

B!iS 04 

CdS 

0.1460 

0.2359 

0.3877 

1.063 

9.1644 

9.3727 

9.5885 

0.0265 

HjBO, 

B 2 O 3 

1.776 

0.2495 

FeS 

S 

HBr 

Ag 

AgBr 

0.7501 

0.4309 

9.8751 

9.6344 

Il^SeOs 

Se 

1.633 

0.2131 

HCl 

Ag 

AgCl 

CaCOa 

KCl 

K 2 O 

NaCl 

Na^O 

0.3380 
0.2544 
0.7286 
0.4891 
0.7743 ' 
0.6239 ! 
1.176 ( 

0.6817 ! 
0.5600 ! 
0.6880 < 

).5442 < 

9.5290 

9.4056 

9.8625 

9.6894 

9.8889 

9.7951 

0.0705 

9.8335 

9.7480 

9.8376 

9.7358 

H^SiFa 

BaSiFa 

3CaF2 

F 

2HF 

6 IIF 

KaSiFe 

SiFa 

0.51.57 
0.6151 
1.264 1 

3.601 1 

1.200 ( 
9.6541 1 
1.384 ( 

9.7124 

9.7889 

0.1018 

0.5564 

0.0792 

9.8157 

9.1412 

NH 4 CI 

3nCl4 

NTaaCOs ( 

methyl orange 
N^a2C264 

standardization ( 

H 2 SO 4 

] 

] 

] 

] 

] 

] 

Ala(SO ,)3 ( 

Ba(OH)j ( 

BaS 04 ( 

KaAL(S04)4. 

24HaO ( 

K 2 O 

ECOH ( 

k:2S04 ( 

^^a 2 C 08 ( 

Nra2C204 ( 

9.8601 ! 
9.5723 ! 
9.4200 ! 

9.4135 1 
1.041 ( 

9.8742 1 
9.5629 1 
9.9252 1 
9.7319 1 

9.9345 

9.7576 

9.6232 

9.6165 

9.0176 

9.9416 

9.7504 

9.9662 

9.8644 

HF ] 

( 
< 

BaSiF# ( 

Z5aF2 ( 

:aS04 ( 

).4296 1 
).5126 1 
).2939 i 

9.6331 

9.7098 

9.4682 
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CHEMICAL FACTORS — Continued 


Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor 

Log 

H 2 SO 4 


0.7422 

9.8705 

KCIO 3 

AgCl ( 

3.8550 ! 

9.9320 




KCl 

1.6438 < 

0.2158 

Hg 


n Q/iofi 

0 090Q 





rlg 2 ^l 2 

HirCL 

0.7388 

9.8686 

KCIO 4 

AgCl ( 

0.9667 

9.9853 


HgO 

0.9261 

9.9666 


KCl 

1.858 

0.2691 



0.8622 

9.9356 






Hgb 

KCN 

AgCN ( 

0.4863 

9.6869 

HCNS 

AgCNS 

0.3560 

9.5515 

AgNOs (Liebig 



CU 2 (CNS )2 

0.4857 

9.6864 


method) ' 

0.7665 

9.8845 


BaS04 

0.2531 

9.4033 


AgCl 

0.4542 

9.6573 

HffoCL 

SnCL 

2.490 

0.3962 

K 2 SO 4 

K 

2.229 

0.3481 





KCl 

1.169 

0.0679 

HgCL 

HgjCla 

1.150 

0.0607 


K 2 O 

1.850 

0.2672 


HkS 

1.167 

0.0671 


KzPtCle 

0.3585 

9.5545 






sbo 

2.177 

0.3379 

HgO 

iHgjClj 

0.9176 

9.9627 


BaS04 

0.7465 

9.8731 

HgS 

Hg(CN )2 

0.9210 

n ccAn 

9.9643 

n CiA'JA 

La 

La203 

0.8527 

9.9308 


xlglSUs 

He(N03)2 

u.ooou 

0.7167 

9.8554 

Li 

LiCl 

0.1637 

9.2140 


HgjO 

1.115 

0.0474 


LLO 

0.4645 

9.6670 


Hgb 

1.074 

0.0311 


Li3P()4 

0.1798 

9.2548 


HgS04 

0.7843 

9,8945 


Li2S04 

0.1262 

9.1012 

I 


1.177 

0.0706 

LigO 

LiCl 

0.3524 

9.5470 


Agi . . . 

0.5406 

9.7328 

Li2S04 

0.2718 

9.4342 



0.7645 

9 *^70 

9.8834 


Li3P04 

0.3870 

9.5877 


Fa 

PdL 

^.otv 

0.7041 

U.O# i>t 

9.8476 

Mg 


0.6032 

9.7804 


Na2S208.5H20... 

0.5113 

9.7087 


0.2020 

9.3054 


AeCl 

0.8855 

9.9472 


Mg2P2b7 

0.2185 

9.3395 





MgS04 

0.2020 

9.3054 

In 

TnjOs 

0.8271 

9.9176 


MgNH4P04.H20 

0.1565 

9.1945 


10283 

0.7047 

9.8480 


MgNH4P04. 








6 H 2 O 

0.09909 

8.9960 

Ir 

r\ 

rt QQQ /1 

0 OAQI 





IfaUs 

U.ooy'l 

y.y'iyi 

MgO 

MgSO^ 

0.3349 

9.5249 

K 

KCl 

0.5244 

9.7197 

Mg2P207 

0.3623 

9.5590 


K 2 O 

0.8300 

9.9191 


MgCOs 

0.4782 

9.6796 


K 2 SO 4 

0.4487 

9.6520 


MgNIl4P04.H20 

0.2595 

9.4141 


KCIO 4 

0.2822 

9.4505 


MgNH4P04. 




KaPtCU 

0,1609 

9.2064 

Q Rn97 


6 H 2 O 

0.1643 

9.2156 


r t 

U.4UUO 


Mn 

MnCOs 

0.4779 

9.6793 

KCl 

A cr 

0.6911 

9.8396 


MnO 

0.7744 

9.8889 

^6 • • 

AeCl 

0.5202 

9.7162 


MnaOa 

0.6959 

9.8426 




K 2 SO 4 

0.8557 

9.9323 


Mn804 

0.7203 

9.8575 


KCIO 4 

0.5381 

9,7309 


MnS 04 

0.3638 

9.5608 


K 2 PtCl 6 

0.3067 

9.4868 


MnaPaOy 

0.3871 

9.5878 


Pt 

0.7638 

9.8830 


MnS 

0.6314 

9.8003 









KaO 

KCl 

0.6317 

9.8005 

MnO 

MnCO, 

0.6172 

9.7904 

K 5 SO 4 

0.5405 

9.7328 


Mn304 

0.9301 

9.9685 


KC 104 

0.3399 

9.5314 


MnS 04 

0.4697 

9.6719 


K,PtClfl 

0.1938 

9.2873 


MnS 

0.8153 

9.9113 


Pt 

0.4826 

9.6836 


MnaPaOT 

0.4998 

9.6988 
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CHEMICAL FACTORS — Con/inwcd 


Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor 

Log 

Mo 

MoOs 

MnSj 

0.6666 

0.4995 

0.5994 

0.2613 

9.8238 

9.6985 

9.7777 

9.4172 

NaHCOa 

KHC 4 H 4 O 6 

0.4465 

9.6498 

M 0 S 2 

PbMo04 

NaaO 

NaCl 

Na2S04 

NaaCOs 

NaHCOa 

Na2HP04 

NaH2P04 

Na 2 H 2 P 2 O 7 

NallSOa 

NaNO, 

NaOH 

Na2S04 

0.5303 

0.4364 

0.5849 

0.3690 

0.4365 

0.2583 

0.2793 

0.2979 

0.3647 

0.7748 

0.4364 

9.7245 

9.6399 
9.7671 
9.5670 

9.6400 
9.4122 
9.4461 
9.4741 
9.5619 
9.8891 
9.6399 

MoOa 

MoSa 

(NH4)2Mo04.... 

(NH 4 )aP 04 . 

12 M 008 

PbMo 04 

0.7492 

0.7344 

0.9205 

0.3920 

9.8746 

9.8659 

9.9640 

9.5934 

N 

HNOa 

NO 2 

N 2 O 3 

N 2 O 4 

N 2 O 5 

NaNOa 

NHa 

Pt 

NH 4 CI 

0.2223 

0.3045 

0.3686 

0.3045 

0.2594 

0.1648 

0.8225 

0.1435 

0.2619 

9.3470 

9.4835 

9.5665 

9.4835 

9.4140 

9.2169 

9.9151 

9.1569 

9.4181 

NaaSOa 

BaS04 

0.5401 

9.7325 

N aaSaOa 

BaS04 

Na2S203.5H20 . . , 

0.3387 

0.6371 

9.5298 

9.8042 

Na2S04 

BaS04 

I 0 . 6 O 86 

9.7843 

Na 

NaCl 

Na2S04 

NaBr 

Na 2 C 08 

NaF 

NaHCOa 

Nal 

NaaO 

NaOH 

Na2S04 

0.3934 

0.3238 

0.2235 

0.4340 

0.5476 

0.2738 

0.1534 

0.7419 

0.5750 

0.3238 

9.5949 

9.5103 

9.3493 

9.6375 

9.7385 

9.4374 

9.1858 

9.8704 

9.7597 

9.5103 

Nd 

NdaOa 

0.8574 

9.9S32 

NHa 

HNOa 

H 2 SO 4 

N 

NaNOz 

NaNOa 

NH 4 CI 

(NH4)2HP04.... 

(NH4)H2P04.... 

rNH.^OH 

0.2703 

0.3473 

1.216 

0.2466 

0.2003 

0.3184 

0.2578 

0.1481 

0.4860 

0.07670 

0.2578 

0.3153 

0.1745 

9.4318 

9.5407 

0.0849 

9:3921 

9.3018 

9.5029 

9.4113 

9.1705 

9.6866 

8.8848 

9.4113 

9.4987 

9.2418 

Na2B407 

B 2 O 3 

II 3 BO 3 

1.445 

0.8137 

0.1599 

9.9105 

xj 4 / 1 1 1 . . • t • • 

(NH.HPtCl.. ... 
(NH.KSO. 

N^Ob 

Na2B4O7.10 

H 2 O 

. 

B 2 O 3 

HjBOa 

KBF 4 

2.738 

1.542 

0.7573 

0.4375 

0.1881 

9.8793 

Pt 

NII 4 

NHa 

NII 4 CI 

(NH4)2PtCl8. ... 

Pt 

1.059 

0.3372 

0.08125 

0.1848 

0.0250 

9.5279 

8.9099 

9.2668 

NaBr 

Ag 

AgBr 

0.9539 

0.5480 

9.9795 

9.7388 

NKtCl 

AkCI 

0.3732 

9.5719 

0.4971 

1.3820 

9.7388 

NaCl 

Ag 

AgCl 

AgNOa 

NaaO 

0.5418 

0.4078 

0.3441 

1.886 

9.7338 

9.6105 

9.5367 

0.2756 



NHa 

(NH4)2PtClfl. ... 

Pt 

3!i41 

0.2410 

0.5480 

(NH4)2S04 

BaS 04 

0.5661 

9.7529 

NaF 

CaFz 

1.076 

0.0317 


Ni 

NiO 

0.7858 

0.2032 

0.3792 

0.2018 

0.2089 

9.8953 

9.3079 

9.6788 

9.3049 

9.3200 

NaaHAsOs i 

MgaAsaO? 

1.095 

0.6694 

0.0392 

9.8257 

NiC8Hi4N404. . . . 

NiS04 

Ni(N 03 ) 2 . 6 H 20 . 
Ni2S04.7H20. . . . 

Na2HAs04 

Mg2AS207 

I 

1.198 

0.7324 

0.0783 

9.8647 

NOa 

NO 

2.066 

3.640 

0.3152 

0.5612 

NaHCO, 

COa 



NH, 
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CHEMICAL FACTORS — Continued 


Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor 

Log 

NO, ] 

SIH4CI 

(NHOaPtCU.... 

Pt 

CjoHnNsOa 

1.159 

0.2793 

0.6352 

0.1652 

0.0641 

9.4461 

9.8029 

9.2180 

PbS 

PbO 

BaSOi 

1.072 

1.025 

0.0302 

0.0107 

PbSO, 

BaS04 

Pb(C2H302)2. 
3 H 2 O 

(PbCOs),. 
Pb(OIl)2 

1.299 

0.7995 

1.173 

0.1137 

9.9028 

0.0693 

NaO, 

NO 

NHa 

NII 4 CI ' 

(NH4)2PtCl6.... 

Pt 

CsoHnNsOa 

1.800 

3.171 

1.010 

0.2433 

0.5534 

0.1439 

0.2552 

0.5012 

0.0041 

9.3861 

9.7430 

9.1580 

Rb 

AgCl 

Cl 

RbCI 

Rb2C03 

Rb 20 

Rb2S04 

RbjPtCle 

0.5964 

2.410 

0.7067 

0.7402 

0.9144 

0.6403 

0.2952 

9.7755 

0.3820 

9.8492 

9.8693 

9.9611 

9.8064 

9.4701 

NO 2 

NO 

1.533 

0.1856 

N 2 O, 

NO 

1.267 

0.1026 

Os 

0s04 

0.7482 

9.8740 

RbjO 

RbCl 

RbjSO, 

0.7729 

0.7001 

9.8881 

9.8452 

P 

Mg2P207 

P 2 O 6 . 24 M 0 O 3 . . . . 

(NH4)3P04. 

I 2 M 0 O 3 

P 2 O 5 

MgNH 4 P 04 .n 20 
IVlgNH4P04.6n20 
PbMo04 

0.2784 

0.0172 

0.0165 

0.4365 

0.1994 

0.1262 

0.00703 

9.4446 

8.2362 

8.2178 

9.6400 

9.2998 

9.1018 

7.8470 

RbCl 

Rb 2 PtCl 6 

0.4178 

9.6209 

S 

BaS04 

H 2 S 

H 2 SO 4 

FeS 

0.1374 

0.9408 

0.3270 

0.3645 

0.5344 

0.4108 

9.1379 

9.9735 

9.5145 

9.5619 

9.7279 

9.6136 

PO 4 

Mg2P207 

PA.24MoOj.... 
(NH 4 ),P 0 ,. 
12 MoOj 

0.8535 

0.05283 

0.05063 

9.9312 

8.7229 

8.7044 

Na 2 S 

SO 2 

BaS04 

S 

0.2745 

1.998 

9.4385 

0.3007 

PaO, 

Mg2P207 

P 2 O 6 . 24 M 0 O 3 . . . . 

(NH4)3P04. 

I 2 M 0 O 3 

MgNIl 4 P 04 .H 20 
MgNIl4P04. 
6 H 2 O 

0.6379 

0.03947 

0.03785 

0.4568 

0.2892 

9.8048 

8.5963 

8.5780 

9.6598 

9.4612 

so» 

BaS 04 

CaS04 

H 2 SO 4 

K 2 SO 4 

Na 2 S 04 

0.3430 

0.5881 

0.8163 

0.4595 

0.5636 

9.5353 

9.7685 

9.9119 

9.6623 

9.7510 

S 04 

BaS04 

0.4115 

9.6144 

Pb 

PbO 

PbOa 

PbS 

PbS04 

PbCr 04 

PbCb 

PbMo 04 

0.9283 

0.8662 

0.8660 

0.6833 

0.6411 

0.7450 

0.5644 

9.9677 

9.9375 

9.9375 

9.8346 

9.8069 

9.8722 

9.7516 

9.9699 

9.9698 

9.8668 

9.8392 

9.9044 

9.9219 

9.8285 

Sb 

KSbOC 4 H,Oc. 

iH 20 

SbCl, 

Sb 208 

Sb 206 

Sb204 

Sb 2 S 8 

SbjSfi 

0.3646 

0.5339 

0.8354 

0.7528 

0.7919 

0.7169 

0.6030 

9.5618 

9.7275 

9.9219 

9.8767 

9.8987 

9.8555 

9.7803 

PbO 

PbOa 

PbS 

PbS04 

PbCr 04 

PbCb 

PbCO, 

Pb(N03)2 

0.9331 

0.9328 

0.7359 

0.6905 

0.8025 

0.8353 

0.6738 

SbaO, 

Sb204 

Sb 2 S 8 

SbaSfi 

0.9479 

0.8582 

0.7218 

9.9768 

9.9336 

9.8584 

SeOj 

SeOj 

Se 

Se 

1.405 

1.608 

0.1478 

0.2063 

PbS 

PbS04 

Pb 

0.7889 

1.155 

9.8970 

0.0626 

Si 

SiOa 

SiOa 


9.6696 

9.5669 
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CHEMICAL FACTORS — Concluded 


Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor 

Log 

Si 

Si04 

0.3048 

9.4840 

Tl 

TI 2 CO 3 

TII 

TINO 3 

TI 2 O 

Tl2Cr04 

TUSO, 

T1HS()4 

0.8720 

0.6169 

0.7672 

0.9623 

0.7789 

0.8097 

0.6780 

9.9405 

9.7902 

9.8849 

9.9833 

9.8915 

9.9083 

9.8312 

SiOs 

Si02 

1.2G6 

0.1025 

Si04 

Si02 

1.532 

0.1854 

Sn 

SnOa 

SnO 

SnCL 

SnCL 2 H 2 O 

0.7877 

0.8812 

0.62G1 

0.52G0 

9.89G3 

9.9451 

9.79G7 

9.7210 

Tl.O 

TliPtCb 

0.5200 

9.7161 


l,I 

U 3 O 8 

IJO.. 

(U 62 ) 2 P 20 ; 

0.8480 

0.8815 

0.6667 

9.9283 

9.9452 

9.8240 

Sr 

SrO 

SrCOa 

SrS04 

Sr(N03)2 

0.845G 

0.5936 

0.4770 

0.4140 

9.9272 

9.7735 

9.G785 

9.6170 

V 

V 2 O 5 

V2()4 

0.5602 

0.6142 

9.7483 

9.7883 

SrO 


0.7020 

0.5641 

0.489G 

9.84G3 

9.7514 

9.6899 

8 rS 04 

Sr(N03)2 

w 

WO 3 

Pb\V()4 

0.7931 

0.4041 

9.8993 

9.6065 

Ta 

TaCU 

Tn ,.05 

0.5050 

0.8189 

9.7033 

9.9132 

Y 

Y 2 O 3 

0.7875 

9.8962 



Yb 

Yb203 

0.8782 

9.9436 

Te 

Te02 

TeOs 

0,7994 

0.72G7 

9.9027 

9.8613 

Zn 

ZnO 

ZnNIl4P04 

Zn2P207 

ZnS 

0.8034 

0.3665 

0.4291 

0.6710 

9.9049 

9.5641 

9.6326 

9.8267 

Th 

Th02 

Th(N 03 ) 4 . 6 H 20 . 

ThOL 

0.8788 

0.3947 

0.G207 

9.9439 

9.5962 

9.7929 


ZnO 

ZnS 

ZnNIi4P04 

Zn2P207 

0.8352 

0.4561 

0.5341 

9.9218 

9.6590 

9.7277 

ThOa 

Th(N03)4.6H20 

0.4490 

9.6523 

Ti 

TiOa 

0.5996 

9.7778 

Zr 

Zr02 

0.7403 

9.8694 

T1 

TlCl 

0.8522 

9.9305 
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Absolute thermometer scales, 762 
AbsorptioD indicators, 651, 652 
Absorption tubes, 325, 355, 356 
Acceptor, definition of, 546 
Accuracy of a result, 18 
Acetic acid, 320 
density of, 757 
Acetic anhydride, 513, 614 
Acetylene, 694 
detection of, 695 
heat of combustion, 754 
in presence of ethylene, 737 
Acid content of fuming acids, 509 
Acidimetry, 457, 507 
Acids, densities of aqueous solutions, 747, 
756, 757 

ionization constants, 460, 474 
organic, 512 
standardization, 480 
titration curves, 461 
titration of, 507, 509, 512 
Adsorption by precipitates, 22, 26, 651 
Adsorption indicators, 651, 652 
Aging of precipitates, 26 
Agreement of results, 19 
Air, carbon dioxide in, 338, 521 
density of, 12 
Air bath, 31, 59 

Alcohol-ether drying of precipitates, 200, 
258, 265. 267 
Aliquot parts, 265 
Alizarin yellow, 463 
Alkali bicarbonates, titration of, 496 
in presence of carbonates, 496, 498, 
621 

Alkali borates^ 519 

Alkali carbonates, titration of, 495 

in presence of bicarbonate or hy- 
droxide, 498 

Alkali hydrosulfides in presence of hy- 
drogen sulfide, 617 

Alkali hydroxides, standardization of, 484 
titration of, 491 


Alkali hydroxides, titration of, in pres- 
ence of carbonates, 489, 498 
Alkali perchlorates, solubilities, 273 
Alkali phosphates, determination of phos- 
phate, 506, 660 

Alkah sulfides, analysis of, 617, 630 

in presence of hydrogen sulfide or 
hydrosulfide, 617 
in presence of thiocyanate, 630 
Alkali sulf hydrates, 617 
Alkalies, 256, 269 

(caustic) densities of aqueous solutions, 
749 

in silicates, 277, 416, 418 
separation, from cations of other group, 
72, 167, 205 
from magnesium, 288 
from molybdenum, 114 
from phosphate, 381 
titration of, 492 
Alkalimetry, 457, 491 
Alkaline-earth bicarbonates, titration of, 
502 

Alkaline-earth carbonates, titration of, 
496, 500 

Alkaline-earth hydroxides, titration of, 
500 

Alkaline-earth oxides and carbonates, 
500 

Alkaline-earth salts, titration of, 504 
Alkaline earths, 244 
separation, from alkalies and magne- 
sium, 249 
from Group II, 72 
from Group III, 167, 205 
from molybdenum, 114 
from one another, 251 
from phosphoric acid, 381 
Aluminon, reagent, 152 
Aluminum, 148 

colorimetric determination, 152 
determination, as phosphate, 150 
in silicates, 414 
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Aluminum, determination, in steel, 182 
with aluminon, 162 
with 8-hydroxy quinoline, 151 
with tannin, 152, 222 
separation, from alkalies and alkaline 
earth, 167 
from beryllium, 226 
from chromium, 174 
from columbium, 223 
from iron, 167, 223 
from iron and phosphate, 171 
from manganese, nickel, cobalt, and 
zinc, 207, 209, 211 
from metals of Group II, 72, 98 
from titanium, 176 
from uranium, 186 
from zirconium, 183 
Alundum crucibles, 32 
Ammonia (reagent), density of, 750 
determination in ammonium salts, 493, 
635 

necessity for redistilling the reagent, 
148 

reagent free from carbonate, 206 
titration of, 493, 635 
Ammonium, 287 

colorimetric determination, see VoL 7, 
Messier Test 

gas-volumetric determination, 738 
in drinking water, see VoL 7, Messier 
Test 

titration of, 493, 635 
Ammonium acetate solution, 59, 659 
Ammonium fluoride for decomposing 
silicates, 419 

Ammonium molybdate reagent, 372, 373, 
374 

Ammonium perchlorate, solubility, 273 
Ammonium salts, ammonia in, 493, 635, 
removal before determining magne- 
sium, 267 
Analysis, 1 
gravimetric, 49 
indirect, 281, 285, 298 
titrimetric or volumetric, 433 
Angstrom unit, 24 

Anions, calculation in water analysis, 
677 

gravimetric determination of, 291 
Antimony, 89 


Antimony, electrolytic determination, 93 
in Babbitt metal, 103 
in stibnite, 614 
in tartar emetic, 613 
removal from electrodes, 93 
separation, from arsenic, 118 
from arsenic and tin, 124 
from mercury, lead, etc., 98, 99 
from metals of Group III, 98 
from selenium and tellurium, 1 10 
from tin, 105, 123 
titration of, 613 

Antimony trioxide compounds, 613 
Apatite, chlorine in, 291 
phosphorus in, 381 
Apothecaries' weights, 762 
Apparent iron value for standardization, 
539 

Area, units of, 761 
Argols, 134 
Arsenic, 82 

colorimetric determination, 84 
determination, as arsine, 84-88 
in Babbitt metal, 104 
in commercial lead arsenate, 625, 626 
in insecticides, 625, 628 
distillation of the trichloride, 118, 627 
electrolytic determination, 86 
separation, from antimony, 118 
from antimony and tin, 124 
from mercury, lead, etc., 98, 99 
from metals of Group III, 98 
from molybdenum, 115 
from selenium and tellurium, 109 
from tin, 110, 124 
from vanadium, 239 
volumetric determination, 613, 626, 
628 

Arsenic trioxide, analysis of, 613 
purification of, 591 
standard in iodimetry, 590 
titration of hypochlorite with, 644 
Arsenical sulfides, nickel and cobalt in, 
213 

Asbestos, palladiumized, 707 
Asbestos filters, 30 
Ascarite, 325 

Assay for gold and silver, 129, 136 
Assay ton, 136 

Atomic weight table, hack cover 
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Aurintricarboxylic acid (aluminon), 151 
Austenite in steel, 341 
Available chlorine in bleaching powder, 
601, 644 

Available lime in quicklime and in hy- 
drated lime, 501 
Available sulfur in pyrite, 316 
Avoirdupois weights, 762 
Azotometer, 362 

Babbitt metal, analysis of, 103 
Babo flanged joint, 607 
Baking powders, carbonic acid in, 325 
Balance, accuracy of, 1 
chainomatic, 5 
parts, 2 

precautions in use of, 4 
riders for, 5 

sensitiveness or sensibility, 3, 7, 9 
Barium, 247 

detection in calcium precipitates, 415 
in silicates and rocks, 416 
separation, from calcium and stron- 
tium, 251, 253 
from magnesium, 250, 252 
from metals of Group II, 72 
from metals of Group III, 167, 205 
from phosphate, 381 
from strontium, 251, 252 
volumetric determination of, 500, 504 
Barium carbonate method of separation, 
207 

Barium chromate reagent, 658 
Barium hydroxide, standard solution of, 
491 

Barium hydroxide reagent, preparation 
of, 289 

Barium hydroxide separation of magne- 
sium from alkalies, 289 
Barium peroxide, titration of, 562 
Barium sulfate, errors in precipitating, 
393 

separation from PbS04 and Si02, 59 
Bases, ionization constants of, 474, 476 
standardization of, 484 
Basic acetate separation, 209, 210 
Benzene, determination in gas mixtures, 
693 

heat of combustion of, 754 
separation from ethylene, 696 
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Benzidine hydrochloride reagent, 229, 
656 

Benzoic acid for standardizing bases, 
485 

Beryllium, precipitation with tannin, 
226 

separation, from titanium, tantalum, 
and columbium, 223 
from uranium, 185 

Bicarbonates in presence of carbonates, 
498, 521 

Bismarck brown, 306 
Bismuth, 62 

determination in ores, 63 
electrolytic determination, 65 
separation, from arsenic, antimony, 
and tin, 98, 99 

from copper and cadmium, 80, 81 
from lead, 79 
from mercury, 78 

from metals of Groups III, IV, and 
V, 72 

from molybdenum, 115 
from selenium and tellurium, 109 
Bismuthate method for manganese, 
551 

Bitter almond water, 301 
Blank tests, 36, 417, 568 
Bleaching powder, analysis of, 338, 601, 
644 

Blick, the, 130 
Boats for combustions, 346 
Borates, analysis of, 364, 504, 518 
Borax, analysis of, 507, 519 
as acidimetric standard, 480 
Bordeaux, 634 
Boric acid, 364, 504, 519 
determination, in mineral waters, 367 
in presence of fluorine, 406 
in silicates and enamels, 367, 520 
titration of, 504, 518 
Brass, analysis of, 72, 73 
Breech connector for combustion tubes, 
346 

Bromate methods, 628 
Bromine, determination, in bromine 
water, 592 

in mineral water, 597 
in non-electrolytes, 297 
in soluble bromides, 596 
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Bromine, gravimetric determination, 297 
separation, from chlorine, 298 
from chlorine and iodine, 299 
from hydrocyanic acid, 303 
from iodine, 299 
from thiocyanic acid, 304 
volumetric determination, 692, 697, 
651, 653 

Bromocresol green, 463 
Bromophenol blue, 463 
Bromothymol blue, 463 
Bronze, analysis of, 101 
phosphorus in, 102, 375 
Bunsen burner, 33 

Bunsen valve, 35, 540, 663, 566, 631 
Bunte apparatus, 725 
Buoyancy effect of air, 11, 436 
Burets, 433 

calibration of, 437, 445 
draining of, 437 
for weighing solutions, 446 
reading of, 439 
Burners, 33 

Cadmium, 70 

colorimetric determination, 70 
determination in alloys and in ores, 99 
electrolytic determination, 70 
precipitation as sulfide, 71 
separation, from arsenic, antimony, 
and tin, 98 
from copper, 81 
from lead, 81 
from mercury, 78 

from metals of Groups III, IV, and 
V, 72 

from molybdenum, 115 
from selenium and tellurium, 109 
Calcium, 244 

determination, in limestone and port- 
land cement, 263 
in silicates, 415 

separation, from barium and strontium, 
251, 252 

from magnesium and alkalies, 249 
from metals of Group II, 72 
from metals of Group III, 167, 205 
from phosphoric acid, 381 
volumetric determination, 266, 500, 
501,558 


Calcium chloride for absorbing moisture, 
325, 344, 353, 355 
Calcium hypochlorite method, 634 
Calcium oxalate, occlusion of magnesium 
oxalate by, 249 
solubility of, 244 

Calcium phosphate, determination of 
phosphate, 381, 659 
dissolving, 659 

Calcium precipitates, testing for barium 
in, 415 

Calculating analyses, tables for, 763 
Calibrated flasks, testing of, 442 
Calibration, of burets, 437, 445 
of flasks, 442, 446 
of gas-measuring instruments, 679 
of pipets, 442 
of weights, 13, 16 
Capacity, units of, 761 
Carbon, in iron and steel, 339, 343, 344 
in nitrogenous organic substances, 359 
in organic substances, 354 
Carbon dioxide, behavior toward indi- 
cators, 469, 472, 496 
determination, 324, 329, 621, 688, 712, 
719, 730 
in air, 338, 521 

in presence of alkali sulfite and thio- 
sulfate, 339 

in presence of chlorine, 338 
in presence of sulfide, 325 
Carbon monoxide, absorption coefficient 
for water, 701 

combustion in presence of nitric oxide, 
728 

determination of, 703, 714, 720 
heat of combustion of, 754 
Carbonates in presence of bicarbonates 
and hydroxides, 498, 600, 521 
Carbonic acid {see also Carbon dioxide) , 324 
combined, calculation of, 676 
free, calculation of, 677 
determination of, 620 
in air, 338, 521 
in baking powders, 325 
in carbonates, 324, 329, 520, 688 
in chlorine gas, 338, 731 
in illuminating gas, 712, 719 
in mineral water, 327, 336, 676 
in presence of bicarbonate, 621 
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Carbonic acid, in presence of cyanic and 
hydrocyanic acids, 321 
in presence of nitric oxide, nitrous 
oxide, and nitrogen, 729 
Carbonyl sulfide, 689 
Carius tubes, 293 
Cathodes, cleaning of, 62, 93, 196 
Cations, calculation of those present in 
water, 676 

gravimetric determination of, 256 
Cement, portland, analysis of, 261 
Cementite in steel, 339, 341 
Ceric oxide, iodimetric determination, 
600 

Ceric sulfate methods, 635 
Cerium, in soluble salts, 739 
separation, from thorium, 425, 426 
from zirconium, 181 
Cesium, 285, 286 

separation from potassium and rubid- 
ium, 285 

Charcoal, testing the reducing power, 134 
Check results, 21 
Chemical factors, 510 768-775 
Chlorates, analysis of, 390, 601 
in presence of perchlorate and chloride, 
392 

reduction of, 390 
titration of, 565 
Chloride of lime, 338, 601 
determination of carbon dioxide in, 338 
reagent, 634 
titration of, 650, 652 
Chlorine, available, 601 
free, determination by titration, 732 
gas, examination of, 731 
gravimetric determination, 291, 292 
in aqueous solutions, 291 
in insoluble chlorides, 291 
in minerals, 292 
in organic substances, 293 
separation, from bromine, 298 
from carbon dioxide, 338 
from chlorate and perchlorate, 392 
from cyanogen, 303, 654 
from fluorine, 406 
from hypochlorous acid, 592 
from iodine, 298, 299 
from iodine and bromine, 299 
from thiocyanic acid, 304 


Chlorine, titration of, 592, 650, 652 
Chlorine water, determination of chlo- 
rine in, 592 

preparation and standardization, 596 
Chlorophenol red, 463 
Chloroplatinates, conversion of chlorides 
into, 270, 271 

Chromates, gravimetric analysis of, 164 
volumetric analysis of, 605 
Chrome iron ore, 423, 605 
Chrome-sulfuric acid method of combus- 
tion, 352 

Chrome-tungsten steel, determination of 
tungsten, 230 

Chromic acid, see Chromates 
Chromic compounds, 162 
Chromite, analysis of, 423, 605 
Chromium, 162 

^colorimetric determination, 165 
determination, in chromite, 423, 605 
in iron and steel, 569 
in ores and rocks, 240 
separation, from alkaline earths and 
magnesium, 167 
from aluminum, 174 
from iron, 173 

from nickel, cobalt, manganese, and 
zinc, 207 

titration of, 569, 605 
Chromophors, 462 

Cinchonine hydrochloride reagent for 
tungsten, 228, 230 
Clay, soluble silicic acid in, 422 
Cleaning solution, 438 
Coal, sampling of, 45 
sulfur in, 317 
Cobalt, 197 

determination in arsenical sulfide ores, 
213 

electrolytic determination, 197 
separation, from alkaline earths and 
magnesium, 205 
from manganese, 217 
from metals of Group II, 98 
from metals of Group III, 207, 211 
from nickel, 217-219 
from phosphoric acid, 380 
from zinc, 215 

Cobaltinitrite precipitation of potassium, 
275 
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Collection and confinement of gases, 671 
Colloidal palladium, 706 
Colloidal solutions, 24 
Colloids, hydrophobic, 24 
hydrophylic, 25 
protective, 706 
Columbite, analysis of, 431 
Columbium, precipitation by tannin, 222 
separation, from Al, Zr, Th, U, and 
Be, 223 

from tantalum, 224 
from titanium, 225 

Combustion (elementary analysis), 354 
heats of, 754 
of gases, 703 
by explosion, 704, 721 
of organic compounds, containing halo- 
gen, 360 

containing metal, 361 
containing nitrogen, 359 
containing sulfur, 361 
Combustion boats, 346 
Combustion furnace, 345 
Combustion tube, 345, 355, 361, 362 
Composition affected by fine grinding, 44 
Computation, in titrimetric analysis, 455, 
765 

rules for, 20, 763 

Confining fluids, solubility of gases in, 

686 

Coning and mixing, 46 
Copper, 65 

detection of selenium and tellurium in, 

112 

determination, in brass, 73 
in bronze, 101 
in iron and steel, 77 
in ores, 611, 624, 663 
electrolytic determination, 68 
precipitation by cupferron, 154 
separation, from arsenic, antimony, 
and tin, 98, 99 
from bismuth, 80 
from'cadmium, 81 
from lead, 80, 81, 101 
from mercury, 78 

from metals of Groups III, IV, and 
V, 72 

from molybdenum, 115 

from selenium and tellurium, 109 


Copper, volumetric methods, 611, 624, 
663 

Coprecipitation, 26 
Cresol purple, 463 
Cresolsulfonphthalein, 463 
Critical points of steel, 342 
Crucibles, filtering, 30, 31, 32 
Gooch, 30, 31 
Munroe, 32 
Rose, 67 

Crushing ore samples, 46 
Crystals, size of, 25, 43 
Cupellation, 129 
Cupferron, use of, 154, 167 
Cutting or dividing sample of ore, 47 
Cyanic acid, 320 

in presence of carbonic and hydro- 
cyanic acids, 321 

Cyanide method, for titrating copper, 663 
for titrating nickel, 660 
Cyanogen, determination, in mercuric 
cyanide, 302 

in presence of ferrocyanide, 655 
gravimetric determination of, 301 
in presence of chloride and thiocyanate, 
655 

in presence of halide, 303 
in presence of thiocyanate, 304 
volumetric determination, 653, 654 

Density, of acetic acid, 757 
of ammonia solutions, 750 
of dry air, 12 

of hydrochloric acid solutions, 747, 748 
of nitric acid, 747, 748 
of phosphoric acid solutions, 756 
of potassium hydroxide and sodium 
hydroxide solutions, 749 
of sulfuric acid solutions, 747, 748 
of water, 435 
Density tables, 747-750 
Desiccator, 39 
Deviation of the mean, 19 
Dibromofluorescein, 652 
Dibromothymolsulfonphthalein, 463 
Dichlorofluorescein, 652 
Dichlorosulfonphthalein, 463 
Dichromate methods, 574 
Digit, defined, 20 
Dimethylaminoazobenzene, 463 
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Dimethylaminoazobenzene-o-carboxylic 
acid, 463 

Dimethylaminobenzene sodium sulfo- 
nate, 463, 639 

Dimethylamino-p-benzene sodium sulfo- 
nate, 463, 637 

Dimethyldiaminophenazine chloride, 463 
Dimethylglyoxiine reagent, 193 
Diphenylamine indicator, 577, 639 
Diphenylamine sulfonic acid indicator, 
577, 578, 639 
Diphenylbenzidine, 639 
Dipheiiylcarbazide, 652 
Diphenyleiidoanilohydrotriazole (nitron), 
383 

Distilled water, 34 
Distribution coellicient, 595 
Dividing or cutting an ore sample, 47 
Dolomite, determination of calcium and 
magnesium in, 261 

Double weigliing (weighing by transposi- 
tion), 10 

Dowson gas (producer gas), heat of com- 
bustion of, 754 
Drying, by grinding, 45 
of precipitates, 37, 200, 258, 265, 267 
Drying apparatus, 31, 39, 40, 89 
Drying ovens, 31, 39, 89 

Electric ovens, 31 

Electric resistance method for carbon in 
steel, 343 

Electrochemical theory of oxidation- 
reduction, 526 

Electrode potentials, 529, 531 
Electrodes, 69, 194, 195 
cleaning of, 62, 93, 196, 204 
Electrolytic determination, of antimony, 
92 

of arsenic, 86, 87 
of bismuth, 65 
of cadmium, 70 
of cobalt, 197 
of copper, 68, 73 
of le^, 62 
of mercury, 57 
of nickel, 194, 196 
of silver, 51 
of tin, 97 
of zinc, 204 


Electrolytic outfit, 62, 74, 194 
Electronic equations, 531, 534, 537, 569 
Elementary analysis (combustion), 354 
Emulsoids, 25 

Enamels, fluorine and silicon in, 399 
End points, determination by dead-stop 
method, 480 
at the, 476 
Eosin, 652 

Equations of oxidation-reduction, 534, 
537, 569 

Equilibrium diagram of iron-carbon 
alloys, 341 

Equipment and manipulation, 26 
Equivalent weights, 447, 448, 758 
Etching samples of steel, 47 
Ether separation of Rothe, 178, 221, 242, 
549 

Ether-alcohol drying of precipitates, 200, 
258, 265, 267 
Ethylene, 691, 735 
separation, from acetylene, 737 
from benzene, 696, 737 
Eutectic in iron-carbon alloys, 341 
Eutectoid (pearlite) in steel, 342 
Evaporation of solutions, 36 
Explosion pipet, 704, 721 

Factor weights, 456, 492, 763 
Factors, chemical, 510, 763 
Ferric alum solution, for phosphorus de- 
termination, 568 
for use as an indicator, 648 
Ferric chloride, dissolved by ether, 178, 
221, 242, 549 
standard solution of, 640 
Ferric chloride solution for dissolving 
metallic iron, 548 
Ferric compounds, 152 
Ferric iron, titration of, 610, 640, 643 
Ferric salts, reduction, by hydrogen sul- 
fide, 170, 542 
by metals, 543 
by stannous chloride, 645 
by sulfurous acid, 643 
Ferricyanide, gravimetric determination 
of, 305 

volumetric determination of, 565, 622 
Ferrocyanide, gravimetric determination 
of, 304 
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Ferrocyanide, in presence of cyanide, 655 
volumetric determination of, 565, 623 
Ferroin indicator, 639 
Ferromanganese, 213 
Ferrous and ferric iron, determination by 
titanium method, 643 
Ferrous iron, in silicates, 420 
volumetric determination of, 420, 421, 
547 

Ferrous sulfate reagent, 559, 565, 576 
Ferrum reducturriy analysis of, 547 
Filter, size of, 23 
Filter paper, 26 
methods of folding, 27, 28 
plaited or fluted, 28 
Filtering crucibles, 30, 31 
Filter-paper pulp, 151, 180 
Filters of asbestos, 30, 31 
Filtration and washing precipitates, 21 
Fine grinding, effect on composition, 44 
Flasks, calibration of, 442, 446 
Flocculation and peptization, 25 
Fluid measure, units of, 762 
Fluorescein, 652 

Fluorine, determination, as calcium chlo- 
ride, 397 

as fluosilicic acid, 402 
as silicon fluoride, 402, 739 
in calcium fluoride, 398 
in glasses and enamels, 399 
in mineral water, 404 
in presence of phosphoric acid, 398, 
406 

separation, from cations, 405 
from other anions, 406 
Fluosilicic acid, 407, 511 
Formaldehyde (formalin), 622 
Formic acid, 560 
Fuming acids, analysis of, 509 
Fuming sulfuric acid (oleum), 509 
Funnels, rapid and slow, 27 

Gallium, 227 

Gamma (7) or microgram, 24 
Gas analysis, 670 
exact, 710 
technical, 717 

Gas-combustion pipet, 704, 721 
Gases, analysis by absorption and titra- 
tion, 731 


Gases, collection and confinement of, 
671 

heats of combustion of, 754 
transference of, 678 

Gas-measuring apparatus, calibration of, 
679 

pipets, 717, 718 

Gas-volumetric methods, 328, 329, 330, 
334, 386, 737 

Gauze platinum electrodes, 194 
Gels, absorption by, 25 
Generator gas, analysis of, 710 
heat of combustion of, 754 
Germanium, 106 

Glass, determination of silicon and fluo- 
rine in, 399 

Glass filtering crucibles, 31 
Glassware, action of reagents on, 36, 148 
Glucinum, separation from uranium, 185 
Gold, 127 
in ores, 133 
in solutions, 127 
orange indicator, 466, 467 
precipitation by hydrogen peroxide, 
128 

separation, from platinum, 139 
from selenium and tellurium. 111 
from silver, 129 
Gooch crucible, 30, 31 
Gram-equivalent, 448 
Gram-molecular volumes, 686, 704, 715, 
762 

Graphite in cast iron, 339, 351 
Gravimetric analysis, 49 
Grinder for ores, 46, 413 
Grinding, effects on composition, 44 

Hafnium, precipitation by tannin, 222 
Halogens, determination by indirect 
analysis, 298 

gravimetric determination in presence 
of cyanide, 303 

separation, from cyanide and thio- 
cyanate, 304 
from fluoride, 406 
from one another, 298 
Hardness of water, 502, 503 
Heats of combustion of gases, 754 
Helianthin, 466 

Hematite, determination of iron in, 641 
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Hydriodic acid, 297 
separation, from hydrochloric and 
hydrobromic acids, 298, 299 
from hydrocyanic acid, 303 
from thiocyanic acid, 304 
volumetric determination, 653 
Hydrobromic acid, 297 

determination in mineral water, 597 
separation, from hydrochloric acid, 
298, 300 

from hydrochloric and hydriodic 
acids, 299 

from hydrocyanic acid, 303 
from thiocyanic acid, 304 
volumetric determination, 596, 597, 

653 

Hydrocarbons, heavy, 691, 712, 719 
separation of, 696 
Hydrochloric acid, 291 
constant-boiling, 486 
density of aqueous solutions, 747, 748 
gas, determination of, 735 
gravimetric standardization of solu- 
tion of, 483 

normal solution of, 486 
separation, from chloric and perchloric 
acids, 392 

from hydriodic acid, 298, 299 
from hydrobromic acid, 298 
from hydrocyanic acid, 303 
from hydrocyanic and thiocyanic 
acids, 655 

from hydrogen sulfide, 296 
from thiocyanic acid, 304, 655 
volumetric determination, 507, 650, 
652 

Hydrocyanic acid, 301 
determination, in bitter almond water, 
301 

in mercuric cyanide, 302 
separation, from cyanic and carbonic 
acids, 321 

from halogen hydride, 303, 654 
from hydrochloric and thiocyanic 
acids, 304 

from thiocyanic acid, 304, 655 
volumetric determination of, 653, 

654 

Hydroferricyanic acid, 305, 565, 623 
Hydroferrocyanic acid, 304, 564, 623 


Hydrofluoric acid, 397 
determination, as calcium fluoride, 397 
as fluosilicic acid, 397 
as silicon fluoride, 402 
in calcium fluoride, 401 
in lepidolite, 398 
in mineral water, 404 
separation, from boric acid, 406 
from hydrochloric acid, 406 
from metals, 405 
from phosphoric acid, 398, 406 
volumetric determination, 510 
Hydrofluosilicic acid, 407, 511 
determination, as calcium fluoride, 
407 

as potassium fluosilicate, 407 
volumetric determination, 511 
Hydrogen, 705 

absorption coefficient for water, 706 
determination, in illuminating gas, 
713, 720 

in nitrogenous organic substances, 
359 

in organic substances, 354 
in silicates, 427 
heat of combustion, 754 
Hydrogen exponent (or pH), 207, 458 
Hydrogen peroxide, for standardizing 
permanganate, 738 
icKlimetric titration, 609 
methods, 738 

titration, with permanganate, 561 
with titanous chloride, 643 
Hydrogen sulfide, 308 
determination, in gas mixtures, 308 
in mineral water, 309, 616 
evolution and absorption, 310 
from insoluble sulfides, 318 
gravimetric determination, 308 
separation, from alkali hydrosulfide, 
617 

from thiosulfate, 621 
titration of, 615 
Hydronium ions, 457 
Hydrolysis of salt solutions, 476 
Hydrophobic colloids, 24 
Hydrophylic colloids, 25 
Hydrosulfide, determination, in presence 
of alkali sulfide or hydrogen 
sulfide, 616, 617 
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Hydrosulfide, determination, in presence 
of thiosulfate and sulfide, 621 
Hydrosulfuric acid {see also Hydrogen 
sulfide), 308 

Hydroxylamine, 510, 564 
S-IIydroxyquinoline (oxine), 151, 259 
titration of, 261, 632 
Hypochlorite method, 634 
Hypochlorous acid, 305, 601, 644 
determination in presence of chloride, 
592 

Hypophosphorous acid, 321 
separation from phosphorous acid, 323 

Igniting precipitates, 37 
Illuminants, 712, 719 
Illuminating gas, 710, 717, 736 
heat of combustion of, 754 
Indicators, absorption, 651, 652 
choice of, 474 

for acid-base titrations, 462, 463 
oxidation-reduction, 638 
Indirect methods, determination of alka- 
lies, 281 

determination of halide, 298 
determination of SO3 content of oleum, 
509 

Inquartation, 129 
Insecticides, arsenic in, 625, 628 
International atomic weights, back cover 
lodate methods of titration, 623 
lodates, analysis of, 602 
as volumetric standards, 481, 483, 
589 

Iodic acid and iodates, determination in 
presence of periodate, 368, 602 
Iodides, analysis of {see also Iodine), 603, 
604, 651, 653 

lodimetry and iodometry, 583 
Iodine, determination, by gravimetric 
methods, 297 
in mineral water, 597 
in non-electrolytes, 291, 293 
in soluble iodides, 593 
in table salt, 603, 604 
free, titration of, 592 
pure, 587 

separation, from bromine and chlorine, 
299 

from chlorine, 298 


Iodine, separation, from thiocyanic 
acid, 304 

solution, standardization of, 590 
volumetric determination of, 593, 
603, 651 

lodo-starch reaction, 583 
Ionic equations of oxidation-reduction, 
534, 537, 569 

Ionization constants of acids, 460, 474 
Iridium, alloyed with platinum, 41 
determination of, 147 
precipitation as hydrated IiOq, 145 
Iron {see also Steel), -carbon equilibrium 
diagram, 341 

colorimetric determination, 156 
determination, by cupferron, 154, 212 
in brass, 75 

in ferromanganese, 213 
in ferrous ammonium sulfate, 156 
in ferrum reductum, 547, 548 
in hematite, 641 
in limonite, 581 
in manganese ores, 212 
in presence of oxide, 547 
in silicates, 262, 414, 420 
in spathic iron ore, 545 
determination of copper in, 77 
determination of titanium in, 181 
dissolved by potassium cupric chloride 
solution, 343 
pyrophoric, 154 

separation, from alkaline earths and 
magnesium, 167, 168 
from aluminum, 168 
from aluminum and phosphoric acid, 
171 

from chromium, 173 
from manganese, 207, 209, 213 
from manganese, nickel, cobalt, and 
zinc, 207, 209, 211 
from metals of Group II, 72 
from nickel, 211, 220 
from phosphoric acid, 171, 380 
from titanium, 174, 214 
from uranium, 186 
from zirconium 181 
volumetric determination, with ceric 
sulfate, 638 

with dichromate, 575, 581 
with iodide, 610 
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Iron, volumetric determination, with per- 
manganate, 542, 543, 545, 647 
with stannous chloride, 640 
with titanous chloride, 643 
Iron ore, determination of chromium 
and vanadium in, 240 
Iron wire, apparent iron value of, 539 
standardization of permanganate with, 
639 

Jena glass filtering crucible, 31 
Jones reductor, 543, 544, 557, 568 

Lead, 58 

determination, as chromate, 61, 76, 626 
as molybdate, 60 
as oxide, 58 
as sulfate, 56 
in Babbitt metal, 103 
in brass, 73, 76 
in bronze, 101 

in commercial lead arsenate, 626 
in ores, 665 
in red lead, 558 

electrolytic determination as dioxide, 
62, 73 

separation, from arsenic, antimony and 
tin, 98, 99 

from bismuth, 78, 81 
from cadmium, 81 
from copper, 80, 81 
from mercury, 78 

from metals of Groups II, IV, and V, 
72 

from molybdenum, 115 
volumetric determination with molyb- 
date, 665 

Lead arsenate, determination of lead and 
arsenic in, 626 
Lead dioxide, 558 

Lead peroxide, analysis of, 558, 606 
Lead sulfate, separation from barium 
sulfate and silica, 59 
Length, units of, 761 
Lime, analysis of commercial, 501 
chloride of, 338, 601, 634, 644 
Lime method for halogens in organic 
compounds, 296 

Limonitei, determination of iron content, 
581 

Liquids, evaporation of, 36 


Liquids, transfer of, 35 
Liter, definition of, 433, 435, 761 
Litharge, testing of, 133 
Lithium, 281 

indirect determination, 285 
separation, from phosphoric acifl, 380 
from sodium and potassium, 282 
solubility of the perchlorate, 273 
Ijogarithms, tables of, 776-779 
Lubricants for stopcocks, 438 
Lubriseal, 438 
Lunge-Rey pipet, 509 

McKenna ore grinder, 46, 413 
Macroiscopic examination, 47 
Magnei^ium, 256 

determination, in dolomite, limestone, 
or Portland cement, 266 
in silicates, 415 

with 8-hydroxy quinoline, 259, 261, 
634 

separation, from alkalies, 288, 289 
from barium, 250, 252 
from calcium, 249, 252 
from metals of Group II, 72 
from metals of Group III, 167 
from strontium, 250 
volumetric determination, 255, 261,633 
Magnesium mixture, preparation of 
reagent, 83, 370 
Mandarin orange indi/»tor, 466 
Manganese, 188 
colorimetric determination, 192 
determination, after removal of iron 
with cupferron, 213 
in ferromanganese, 213 
in iron and steel, 192, 550, 551, 553, 
554 

in ores, 553 

evaluation of pyrolusite, 559, 599 
separation, from alkaline earths and 
magnesium, 205 
from iron, 207, 209, 211 
from metals of Group II, 72 
from metals of Group III, 207 
from metals of Group IV, 205 
from nickel and cobalt, 217, 219 
from phosphoric acid, 380 
from tri valent metals, 207, 209, 211 
from zinc, 215 
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Manganese, volumetric determination, 
560, 553, 554 

Manganese sulfate solution for Zimmer- 
raann-Reinhardt titrations, 645, 
647 

Manipulation and equipment, 26 
Mass, units of, 761 
Measurements, precision of, 18 
Measuring flasks, 434, 442 
calibration of, 442 
for gas analysis, 679 
Measuring instruments, 433 
Mechanical ore grinder, 46, 413 
M6ker burner, 34 
Melting points, 755 

Melts, removal from platinum crucibles, 
411 

Meniscus corrections, 682 
Mercuric chloride reagent, 645, 580 
Mercuric cyanide, determination of 
cyanogen content, 302, 545 
Mercuric oxide suspension, 289 
Mercury, 53 

determination in organic substances, 
55 

electrol5d.ic determination, 57 
purification of, 682 

separation, from arsenic, antimony, 
and tin, 98 

from lead, bismuth, copper, and 
cadmium, 78 

from metals of Groups II, IV, and V, 
72 

from selenium and tellurium, 111 
volumetric determination, 649 
weight of 1 ml., 681 

Mercury ores, analysis by Eschka^s 
method, 99 

Metallic iron in presence of oxide, 647 
Metals, sampling of, 47 
Metaphosphoric acid, 368 
Methane, 709 

absorption coeflScient for water, 709 
determination in gas mixtures, 713, 
714, 720 

heat of combustion, 754 
separation, from hydrogen, 720 
from carbon monoxide and hydro- 
gen, 714 

Methods, gravimetric, 49 


Methods, titrimetric or volumetric, 433 
Methyl orange, 463, 466 
Methyl red, 463, 469 
Methyl yellow, ^ 

Metric and other units of measurement, 
761, 762 

Microgram (7), 24 
Micron, 24 

Milliequivalents, molecular weights, and 
solubilities of compounds, 758- 
760 

Milliliter, 433 
Millimicron, 24 

Mineral water, determination of hydro- 
gen sulfide in, 616 
Minium (red lead), titration of, 558 
Mixing and coning, 46 
Molar and molal solutions, 447 
Mole, definition of, 448 
Molecular volumes, 686, 762 
Molecular weights of important com- 
pounds, 758-760 

Molybdate reagent for phosphoric acid, 
373 

Molybdenite, determination of molyb- 
denum in, 671 
Molybdenum, 113 
determination, in ores, 571 
in steel, 117, 242 

separation, from alkalies and alkaline 
earths, 114 
from arsenic, 116 

from metals of Groups II and III, 
115 

from phosphoric acid, 115 
from tungsten, 232 
from vanadium, 240 

Molybdic acid, gravimetric determina- 
tion, 113, 117, 368 
volumetric determination, 568, 673 
Moment, statical, 10 

Monazite, determination of thoria con- 
tent, 425 

MuflBie furnace, 130 
Munroe crucible, 32 

Neutral red, 463 
Nickel, 193 

determination, in arsenical sulfide ores, 
213 
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Nickel, determination, in brass, 73 
in steel, 220, 663 

electrolytic determination, 194, 196 
separation, from alkaline earths and 
magnesium, 205 
from cobalt, 217 
from iron, 220 

from iron, aluminum, chromium, 
titanium, and uranium, 207, 209 
from manganese, 217, 219 
from zinc, 215, 219 
volumetric determination, 660 
Nickel-chromium alloy (nichrome) for 
crucible triangles, 33 
Niter, testing oxidizing power of, 134 
Nitranilineazosalicylate of sodium, 463 
Nitrate test with carbazole, 494 
Nitric acid, 383 

density of solutions, 747, 748 
determination, as ammonia, 384 
as nitric oxide, 386 
as nitrogen peroxide, 384 
as nitron nitrate, 383 
in drinking water, 390 
normal solution of, 488 
volumetric determination of, 507, 
566 

Nitric oxide, 727 

absorption coefficient for water, 727 
combustion in presence of carbon 
monoxide, 728 

separation, from nitrous oxide, 728 
from nitrous oxide and nitrogen, 
729 

from nitrous oxide, nitrogen, and 
carbon dioxide, 729 

Nitrogen, determination, by Dumas 
method, 361, 493 
by Kjeldahl method, 493 
in organic material, 361, 493 
separation, from nitrous and nitric 
oxides, 729 

from nitrous and nitric oxides and 
carbon dioxide,729 
Nitron, 383 

a-Nitroso-/3-naphthol reagent for precipi- 
tating cobalt, 199 

Nitrous acid, colorimetric determination, 
306 

volumetric determination, 561 


Nitrous oxide, 726 

determination, in presence of nitric 
oxide, 728 

in presence of nitric oxide and 
nitrogen, 729 

in presence of nitric oxide, nitrogen, 
and carbon dioxide, 729 
Norm or equivalent weight, 448, 487 
Normal concentrations, 765 
Normal oxidation potentials, 531 
Normal solutions, 448, 452 
of barium hydroxide, 491 
of hydrochloric acid, 486 
of nitric and sulfuric acids, 488 
of oxalic acid, 488 
of sodium hydroxide, 489 
preparation of, 452 
standardization of, 481, 484 
volume and temperature, 435 
Normality of standard solutions, 448, 765 

Oleum, analysis of, 509 
as absorbent, 692 
Orange III indicator, 466 
Ore grinder, 46, 413 
Organic acids, titration of, 512 
Organic matter, destruction with sulfuric 
and nitric acids, 199 

Organic substances, determination of 
carbon, 354, 359 

determination of chlorine, 293, 296 
determination of hydrogen, 354, 359 
determination of nitrogen, 361, 493 
determination of sulfur, 320 
Orsat apparatus, 722 
Orthoclase, analysis of, 412 
Orthophosphoric acid, 370, 505 
titration of, 515 
Osmium, 142 

determination as metal, 144 
precipitation as Os02, 143 
removal as O8O4, 143 
Oven for drying, 89 
Oxalic acid, 364 

for standardizing permanganate, 539 
0.1 solution of , 488 

titration of, 557 
Oxidation, by fine grinding, 45 
theory of, 526, 534 
Oxidation methods, 524, 534 
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Oxidation potentials, 527, 532, 534 
Oxidation-reduction indicators, 638 
Oxides, “ combined," 159 
Oxine, trivial name of 8-hydroxyquino- 
line, 151, 259, 633 
Oxonium ion, 457 
Oxygen, 696 

in illuminating gas, 713, 719 
in water, 700 

presence of hydrogen in, 357 
Ozone, 606 

Palladium, 139 
-asbestos, 707 
colloidal, 706 

precipitation as hydrated dioxide, 145 
separation from platinum, 141 
Paper filters, 26 
plaited, 28 

Parting of gold-silver buttons, 129, 132, 
139 

Partition, law of, 595 
Pearlite in steel, 342 
P41igot tubes, 402, 404 
Peptization and flocculation of colloids, 
25 

Percarbonates, titration of, 563 
Perchlorates, decomposition of, 392 
solubility of, 273 
Perchloric acid, 391 
in presence of chloric acid, 392 
in presence of hydrochloric acid, 392 
Perhydrol, 96, 97, 123 
Periodic acid (and periodates), 602 
Permanence, of permanganate solutions, 
542 

of thiosulfate solutions, 586 
Permanganate methods, 534, 542 
Permanganate solutions, permanence of, 
542 

preparation of, 537 
standardization of, 538, 738 
titration in hydrochloric acid, 545 
uses of, 542 

Peroxides, 561, 562, 598, 609 
Persulfate method for manganese, 553 
Persulfuric acid (and persulfates), analy- 
sis, by permanganate, 563 
by potassium hydroxide, 522 
by titanous chloride, 644 


pH (hydrogen exponent), 207 
at end point of titrations, 476 
Phase rule, 339 

Phenanthroline-ferrous ion, 639 
Phenol, titration of, 633 
Phenol red indicator, 463 
Phenolphthalein, 463 
Phenolsulfonphthalein, 463 
Phosphates, titration of, 506 
Phosphor bronze, analysis of, 101 
Phosphoric acid, 370 
behavior toward methyl orange, 448, 
468 

behavior toward phenolphthalein, 448, 
471 

density of its aqueous solutions, 756 
determination, in alkali phosphate, 660 
in apatite, 381 

in calcium phosphate, 381, 660 
in mineral water, 379 
in silicates, 379 

ionization constants of, 460, 474, 505 
separation, from alkaline earths and 
alkalies, 381 
from chromic acid, 381 
from iron and aluminum, 172, 375 
from metals of Groups I, II, and 
III, 380 

from molybdenum, 115 
from titanium, 214 
from vanadium, 239 
titration of, 505, 515, 659 
Phosphorous acid, 323 
determination in presence of hypophos- 
phorous acid, 323 

Phosphorus, determination, in apatite, 
381 

in bronze, 101, 102, 375 
in high-speed steels, 518 
in iron and steel, 375, 378, 516, 
567 

in organic compounds, 379 
Pipets, 434 
cahbration of, 442 
for absorbing gases, 717, 718 
use of, 442, 555 
Platinum, 136 

action of ferric chloride on, 170 
determination in alloys, 138 
properties and care of, 41 
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Platinum, removal from solution after 
fusion in crucibles, 414 
separation, from gold and silver, 
139 

from other platinum metals, 146 
from palladium, 141, 146 
Platinum capillary for use in gas analysis, 
679 

Platinum metals, separation and deter- 
mination, 141 

Platinum sponge as filtering felt, 32 
Platinum triangles, 32, 33 
Poirrier’s orange, 466 
Policemen, 35 

Polythionates, titration of, 515 
Portland cement, analysis of, 91, 261 
Post precipitation, 26 
Potassium, 269 

determination, as chloroplatinate, 270, 
271 

as cobaltinitrite, 275 
as perchlorate, 272 
in silicates, 277, 416, 418 
indirect determination, 285 
separation, from lithium and rubidium, 
282, 285 

from phosphoric acid, 381 
from sodium, 271, 272, 278, 279 
Potassium acid phthalate, standardiza- 
tion of bases with, 481, 484 
Potassium biiodate as standard in 
iodimetry, 589 

Potassium bromate as standard in 
iodimetry, 589 

Potassium bromate method, for alkali 
sulfides, 630 
for antimony, 629 
for arsenic, 629 

for thiocyanate and hydrogen sulfide, 
630 

for tin, 631 

Potassium cupric chloride solution as 
reagent, 343 

Potassium dichromate, standard solu- 
tion, 450, 575, 588 
Potassium dichromate methods, 575 
Potassium fluotitanate as standard for 
titanium, 160 

Potassium hydroxide solutions, density 
of, 749 


Potassium iodate, standard in iodimetry, 
589 

Potassium percarbonate, analysis of, 
563 

Potassium perchlorate, solubility of, 273 
Potassium permanganate methods, 534 
Potassium permanganate solution, 449, 
537, 738 

Potassium persulfate, analysis of, 563 
Potassium phosphate solution, 659 
Potentials, oxidation, 531, 534 
Pound molecular volume, 762 
Precipitates, adsorption by, 22, 26, 651 
aging of, 26 

drying and igniting, 245, 258 
drying with alcohol and ether, 200, 
258, 265, 267 
filtration and washing, 21 
purity of, 23 
wet ignition of, 39 
Precipitation titrations, 646 
Precision, in calibrating weights, 17 
of measurements in general, 18 
Preparation of samples for analysis, 42 
Primary states of oxidation, 546 
Probable error, 19 
Producer gas, 710 
heat of combustion of, 754 
Propylene, heat of combustion, 754 
Protoxides, separation from sesquioxides, 
207 

Prussian blue, analysis of, 305 
Prussic acid, see Hydrocyanic acid 
Pulp balance, 136 
Pyridine bases, titration of, 495 
Pyrite, sulfur in, 314, 315, 316, 319 
Pyrogallol solution, 698 
Pyrolusite, analysis of, 559, 599 
Pyrophosphoric acid, 368 

Quadruplet method of folding filters, 28 
Quartation, 129 

Quartz crucibles and triangles, 33 
Quicklime, volumetric analysis of, 501 

Reagents and glassware, 36 
Recrystallization, 43 
Red lead (minium), 558 
Reduction, of ferric salts, 542 
of weighings to vacuum basis, 11 
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Reduction methods of volumetric analy- 
sis, 640, 641 

Reduction potentials, 530 
Reliability or probability of a result, 18 
Rhodamin 6G, 652 
Rhodium, 145, 146 
Rose crucible, 67, 143 
Rubidium, 279, 285, 286 
separation from potassium and cesium, 
285 

Ruthenium, 144* 

Salts, hydrolysis of, in aqueous solution, 
475 

Samples of ore, crushing of, 47, 412 
cutting or dividing, 47 
Sampling metals, 47 
Sampling ores, 45 
Segregation in metals, 47 
Selenious acid, 107, 323 
Selenium, 107 

catalyst in Kjeldahl digestions, 494 
determination, in crude copper, 112 
in steel, 112 

separation, from antimony, tin, and 
arsenic, 110 

from gold and silver. 111 
from mercury, 111 
from metals of Groups II, III, IV, 
and V, 109 
from tellurium, 111 

Sensitiveness (sensibility) of balance, 6, 9 
Sesquioxides of Group III, 148, 207 
separation from protoxides, 207 
Significant figures in computations, 20 
Silica, separation from tungsten, 237 
testing purity of, 410 
Silica triangles, 33 
Silicates, analysis of, 409, 412 
decomposable by acids, 409 
decomposition by ammonium fiuoride, 
419 

decomposition by sodium carbonate, 
411 

determination of alkalies in, 277, 416, 
418 

determination of ferrous iron in, 420 
determination of water in, 427, 429 
undecomposable by acids, 411 
Silicic acid, determination, in clay, 422 


Silicic acid, determination, in orthoclase, 
414 

in Portland cement, 262 
Silicon, in glasses and enamels, 399 
in iron and steel, 419 
Silicon fluoride, 739 
Silver, 49 

determination, in alloys, 51 129, 648 
in ores, 133 

electrolytic determination, 51 
separation, from gold, 132 
from other metals, 51 
from selenium and tellurium, 111 
titration of, 646, 647 
Silver chloride, solubility of, 50 
Soda ash, alkaline strength of, 496 
Sodium, 277 

determination in silicates, 416, 418 
indirect determination of, 281, 285 
separation, from lithium, 282, 285 
from phosphate, 381 
from potassium, 270, 272, 275, 278 
Sodium arsenite solution, 591 
Sodium bicarbonate, carbonate and 
hydroxide, 498 

Sodium bicarbonate for standardizing 
acids, 481 

Sodium hydroxide, determination in 
caustic soda solutions, 491, 492 
free from carbonate, 490 
normaf solution of, 489 
Sodium hydroxide solutions, density of, 
749 

Sodium metaphosphate, titration of, 
505 

Sodium oxalate as volumetric standard, 
480, 538 

Sodium perchlorate, solubility in water, 
273 

Sodium succinate method of analysis, 211 
Sodium thiosulfate solution, 149, 585, 
590, 591 

Sodium tungstate for absorbing boric 
acid, 365 

Sol and gel conditions of colloids, 24 
Solubilities in water, molecular weights, 
and equivalent weights, 758-760 
Solubility product, 215 
of sulfides, 215,216 
Solute, 24 



INDEX OF SUBJECTS 


803 


Solutions, colloidal, 24 
of sulfides, explanation of the dissolv- 
ing, 215, 216 
standardization of, 454 
true, 24 

Spark testing of steel, 343 
Spathic iron ore, analysis of, 545 
Split shovels, 47 
Spotty ores, 46 

Standardization of solutions, 454 
Stannous chloride reagent, 545, 580 
Starch solution, 585 
Starch test, sensitivity of, 585 
Statical moment of balance swing, 10 
Steam bath, 36 
Stirring rods, 29 
Steel, critical points of, 342 
determination of aluminum, 182 
determination of carbon, 344, 351, 352 
determination of chromium and va- 
nadium, 569 

determination of copper, 77 
determination of manganese, 192, 550, 
553, 554 

determination of molybdenum, 117,242 
determination of nickel, 220, 660 
determination of phosphorus, 375, 377, 
516, 567 

determination of silicon, 419 
determination of sulfur, 312, 620 
determination of titanium, 179, 181, 
182 

determination of tungsten, 230 
determination of zirconium, aluminum, 
and titanium, 182 
spark testing of, 343 
Stibnite, antimony in, 614 
sulfur in, 317 
Streak of gold alloys, 131 
Strontium, 246 

separation, from barium, 251, 253 
from calcium, 251, 253 
from magnesium, 250, 254 
from metals of Group II, 72 
from metals of Group III, 167, 205 
from phosphoric acid, 381 
Substitution, weighing by, 10 
Sulfide, in presence of hydrosulfide and 
ns, 617 

in presence of sulfate, 319, 396 


Sulfide, in presence of thiosulfate, 621 
theory of solubility in acid, 215 
titration of, 617, 630 
Sulfo acids, 49, 82 
separation from one another, 118 
Sulfo bases, 49 

separation, from one another, 78 
from other elements, 72 
Sulfocyanic acid, see Thiocyanic acid 
Sulfur, determination, in insoluble sul- 
fides, 313, 315, 316, 318 
in iron and steel, 312, 313, 620 
in mineral waters, 616 
in organic substances, 320 
in pyrite, 313, 315, 316 
in sulfides soluble in acid, 310 
in sulfides soluble in water, 310 
removal from sulfide precipitates, 54, 
63, 92 

volumetric determination of, 615, 656, 
657 

Sulfur dioxide, from pyrite burners, 735 
gravimetric determination of, 322 
physical properties of, 735 
titration of, 514, 621, 735 
Sulfuretted hydrogen, see Hydrogen sul- 
fide; Sulfur 
Sulfuric acid, 393 
density of, 747 

determination, in presence of sulfide, 
319, 396 

in insoluble sulfates, 396 
in Portland cement, 268 
ionization of, 473, 474 
normal solutions of, 488 
titration of, 507, 657, 658 
Sulfuric anhydride in sulfuric acid, 509 
Sulfurous acid, 322 

behavior toward methyl orange, 469 
titration of, 514, 621 
Sulf hydrate, see Hydrosulfide 
Suspensoids, 24 

Swings, weighing by method of, 8 

Tables for general use, 435, 436, 745-779 
Tannin reagent, 221 
Tantalite, 431 

Tantalum, precipitation by tannin, 222 
separation, from Al, Zr, Th, U, and 
Be, 223 
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Tantalum, separation, from columbium, 
224 

from titanium, 225 
Tare, 10 

Tartar emetic, 613 
Tartaric acid, 368 
Telluric acid, 600 
Tellurium, 108 

determination in crude copper, 112 
precipitation with sulfurous acid, 
112 

separation, from antimony, tin, and 
arsenic, 110 

from copper, bismuth, and cadmium, 
109 

from gold and silver. 111 
from mercury. 111 
from metals of Group II, 109 
from metals of Groups III, IV, and 
V, 109 

from selenium. 111 
titration of, 600 

Tellurous acid (see also Tellurium), 109, 
323 

Temperature, estimated by color, 755 
normal in volumetric work, 435 
Temperature correction, for hydrometer 
tests, 750 
for titrations, 453 
Temporary hardness of water, 503 
Testing, of volumetric apparatus, 437, 
442, 679 

of weights, 13, 16 

Tetrabromophenol-m-cresolsulfonphthal- 
ein, 436 

Tetrabromophenolsulfonphthalein, 463 
Thallium, 52, 53 

Theory, of dissolving sulfides, 215 
of hydrogen exponents, 207 
of normal oxidation potentials, 527 
of oxidation and reduction, 526 
Thermometer scale, absolute, 762 
Thio acids, 82, 99 
Thiocyanic acid, 303, 651 
separation, from halogen hydride, 304, 
655 

from hydrocyanic acid, 304, 655 
Thiosulfate solution, standardization of, 
586 

Thiosulfuric acid, 382, 514 


Thiosulfuric acid, determination in pres- 
ence of sulfide and hydrosulfide, 
621 

Thorium, determination in monazite, 425 
precipitation by tannin, 222 
separation, from cerium, 425, 426 
from columbium, tantalum, and 
titanium, 223 
from zirconium, 181 
Thymol blue indicator, 463 
Thymolphthalein, 463 
Thymolsulfonphthalein, 463 
Tin, 94 

determination, in Babbitt metal, 105 
in brass, 73 
in bronze, 94, 101 
in tin plating baths, 641 
separation, from alkaline earths and 
magnesium, 98 
from antimony, 104, 123, 127 
from antimony and arsenic, 124-127 
from mercury, lead, bismuth, copper, 
cadmium, 98, 99 
from metals of Group III, 98 
from phosphoric acid, 102 
from selenium and tellurium, 110 
from silicic acid, 237 
from tungsten, 236 
volumetric determination, 631, 641 
Tirrill burner, 33 
Titanium, 157 

colorimetric determination, 159, 162 
determination, in iron and steel, 
179, 181, 182 
in minerals, 157 

in titanium-iron ores, 178, 214, 
574 

precipitation, by cupferron, 177, 214 
by tannin, 222 

separation, from alkaline earths, 167 
from aluminum, 176, 223 
from beryllium, 223 
from iron, 174, 214 
from iron, aluminum, and phospho- 
ric acid, 214 

from manganese, nickel, cobalt, and 
zinc, 207, 209 

from tantalum and columbium, 225 
from thorium, 223 
from uranium, 223 
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Titanium, separation, from zirconium, 
182, 223 

volumetric determination, 574, 643 
Titanous chloride reagent, 643 
Titer of solution, 447, 455 
Tolerances of weights, 17 
Total carbon in iron and steel, 344, 352 
Transfer of liquids, 35 
Transposition weighing (double weigh- 
ing), 10 
Triangles, 33 

Tropaolin 00 indicator, 463 
Tungsten, 227 
bronzes, 234 

determination, in ores, 230 
in steel, 230 

precipitation by tannin, 226 
separation, from molybdenum, 232 
from silica, 237 
from tin, 236 

Tyndall effect of colloidal solutions, 24 

Units of area, capacity, length, mass, 
and volume, 761, 762 
Uranium, 166 

precipitation, by cupferron, 167 
by tannin, 222 

separation, from alkaline earths and 
magnesium, 167 
from aluminum and iron, 186 
from beryllium, 185 
from metals of Group II, 72, 98 
from nickel, cobalt, manganese, and 
zinc, 207 

from titanium, tantalum, and colum- 
bium, 223 

volumetric determination, 556 
Uranyl acetate solution as reagent, 
659 

Useful data of inorganic compounds, 
758-762 

Vacuo, reduction of weighings to, 11 
Valve, Bunsen, 35, 540, 563, 565, 631 
Valve, Contat-Gockel, 540, 559 
Vanadium, 237 

determination, in ores and rocks, 240 
in steel, 242, 569 
precipitation by cupferron, 215 
separation, from arsenic, 239 


Vanadium, separation, from molybde- 
num, 240 

from phosphoric acid, 239 
volumetric determination, 567, 569 
Vinegar, total acid in, 508 
Volume, normal, 435 
units of, 761 

Volumetric or titrimetric analysis, 433 
general method of computing results, 
455 

Wash bottles, 34, 35 
Washing precipitates, 21, 258, 265, 267 
Water, densities at different tempera- 
tures, 435 

determination, in fluosilicates, 408 
in silicates, 427 

determination of absorbed oxygen, 700 
determination of dissolved ammonia, 
493 

determination of dissolved bromine, 
597 

determination of dissolved hydrogen 
sulfide, 616 
distilled, 34 
hardness of, 502, 503 
ionization constant of, 457, 458 
Water bath, 36, 271 

Water gas, heat of combustion of, 754 
Water vapor, determination in gas mix- 
tures, 741 
tension of, 751-753 
Weighing, 6 

by substitution, 10, 482 
by swings, 8 

double or transposition, 10 
reduction to a vacuum basis, 11 
Weighing pans, 482 

Weighing samples, of factor weights, 17 
of steel, 21 
Weight burets, 446 
units of, 761 
Weights, adjusting, 17 
cahbration of, 13, 16 
precision of calibration, 17 
tolerances of, 17 

Wet precipitates, method of igniting, 
39 

Wood^B metal, analysis of, 99 
Wulfenite, molybdenum in, 571 
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Zinc, 200 

determination, in brass, 73 
in ores, 668 

electrolytic determination, 204 
separation, from alkaline earths and 
magnesium, 205 
from metals of Group II, 72, 98 
from nickel, 219 
from Ni, Co, and Mn, 215 
from phosphoric acid, 380 
from trivalent metals of Group III, 
207, 209, 211 


Zinc, volumetric determination with 
ferrocyanide, 667 
Zircon, analysis of, 422 
Zirconium, determination in steel, 182 
precipitation, by cupferron, 154, 177, 
214 

by tannin, 222 

separation, from Al, Ce, Cr, Fe, Th, 
and Ti, 181 

from Cb, Ta, and Ti, 223 
from Co, Mn, Ni, and Zn, 207 




